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INDIVIDUAL PLOT STUDIES VARIATION NUMBERS 
BACTERIA SOIL 


RESPONSE CROPPING! 


Abstract 


Studies the relation cropping numbers bacteria soil were carried 
experiment designed for statistical control. Plots were cropped 
follows: fallow, three; wheat, three; barley, two; sugar beets, two; soybeans, two; 
and corn, two. The estimate each plot based counts from plates. 
series from such estimates, made weekly intervals from each plot, 
available for the analysis. Moisture data are available also. The effect 
cropping numbers bacteria shown for each plot the multiple regression 
bacteria days and moisture reduced two dimensions the elimination 
moisture. 

Bacteria respond toa growing crop. This response similar replicate plots 
one treatment; but markedly different with different crops. 


Introduction 


series papers published recently (2, the authors considered 
some the basic weaknesses the plating technique for estimating numbers 
bacteria soil, and showed how the procedure can improved yield 
estimate reproducible within narrower limits than had been possible 
hitherto. Some the changes are mechanical. They relate the length 
time the sample held the laboratory, the proportion soil water 
the initial dilution, and the method and time mixing various stages 
the procedure. Another change that greater importance (6) 
producing precise estimate the population plot based the fact 

that the technique involves series samplings from biological populations 

varying random each sampling step. minimum two samples 

each step required obtain estimate error. another paper (4) 
differences the number colonies plates were shown have marked 
influence the estimate the population the plot. This effect may 
studied preparing and plating from two more dilutions different 
strengths from one initial dilution. The authors also (5) presented evidence 
that fluctuations numbers bacteria the soil fallow plot may 
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attributed largely changes moisture and dates sampling. The latest 
finding was dependent upon estimates, each based counts from 240 
324 plates and representing many replications samples, subsamples, and 
dilutions. 

The work reported this series was designed for two purposes: (1) 
determine whether estimates made weekly intervals from counts 
plates would show changes numbers bacteria during the growing season 
plots supporting different crops, and (2) obtain additional information 
the errors associated with each sampling step the procedure. 

This paper deals with the first point only. Other studies based the 
same data will presented later. 


Experimental 


During the summer 1940 series one-hundredth acre plots was 
laid out portion the University farm that had been fallow the previous 
year. These were randomized and cropped follows; fallow, three; wheat, 
three; barley, two; sugar beets, two; soybeans, two; and corn, two plots, 
order lessen the labour any one day, the plots were 
divided into two groups determined random each week. One group was 
sampled and plated one day, and the other another day the same 
week. This continued from May October provided data for 
series estimates from each plot during the crop season. Each estimate was 
based counts from plates, and the design provided for information 
the errors each step the procedure. Duplicate samples were obtained 
each date given plot was sampled. Each was composite six cores 
the upper six inches soil, taken from points determined random each 
sampling. The soil was grated mechanically being passed through four 
mesh per inch wire screen under slight pressure, and mixed revolving 
drum for min. Each two gm. subsamples moist soil from each 
sample was suspended 2500 ml. low count tap water and shaken for 
min. to-and-fro mechanical shaker. ml. transfer was made during 
agitation the suspension sterile ml. blank. The second dilution 
was shaken hand times. From this ml. transfers were made 
sterile 79, 39, and 25.67 ml. dilution blanks, resulting final dilutions 
400,000, 200,000, and 133,000, respectively. These dilutions were 
Each dilution was plated duplicate Waksman’s sodium albuminate agar 
and incubated for six days 27°C. moisture determination was 
made gm. portion each sample obtained after the mechanical mixing, 
and each count was converted provide estimate per gram oven-dried 
soil. These individual plate estimates were used the analysis obtain 
information the errors the laboratory technique, and the average 
such estimates provide the plot estimate date sampling. 


Some the plots were sampled different dates, while others because 
unfavourable weather were sampled 19, and still others only times. 
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Data from one plot different dates give degrees freedom for 
estimating the variance for between dates. One these represents the portion 
the variance for the multiple correlation bacteria with moisture and 
time that independent time. Another, and some cases two, represents 
the portion that independent moisture. The remaining degrees freedom 
represent the unexplained portion the variance for between dates. This 
the error for testing the significance the variances for moisture and time. 
designated Error the average will not less than the largest 
the variances for laboratory and field sampling effects which this experi- 
ment the variance for within pairs samples from plot. 

Each plot estimate any date the average individual plate esti- 
mates. This gives degrees freedom for estimating the within date 
variance, which are assigned certain laboratory and field sampling 
effects and their interactions according the design the experiment. The 
remaining nine degrees freedom represent the unexplained portion this 
variance. Error This error used test the significance 
the variances for laboratory and field sampling effects well for testing 
the significance Error The data from plot sampled different 
dates give total 460 degrees freedom for estimating the variance for 
within dates. This variance essential part the experimental design. 
will considered more fully subsequent paper this series. The 
combined variances for between dates and within dates, accordingly, represent 
grand total 479 degrees freedom. The form the analysis follows. 


Source variance Degrees freedom 

Between dates 

Moisture 

Time 

Error 

Unit Units 

Within dates 460 

Samples 

Subsamples 

Dilutions 

Plates 

Error 180 
Grand total 479 


Changes Numbers Bacteria Associated with Cropping 


The population given plot responds tremendously changes moisture 
and time. This has been demonstrated (5) with estimates based counts 
from 240 324 plates per estimate. Accordingly, some method analysis 
for removing the effects moisture must used the effect cropping 
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numbers bacteria presented clearly. The 
relationship not simple one. The moisture content plot affects the 
population directly. Moisture influenced acrop. Consequently, crop 
indirectly affects the population its effect the moisture, apart from any 
direct effect may have the population. Obviously, the indirect effect 
cropping the population not the same for different crops different 
stages the development crop. Fig. illustrates the differences 
moisture between fallow and barley plot during the course this ex- 


periment. 
40% 
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fallow and barley plot during the crop season. 


this study from estimates per plot are available. Each based 
counts from plates. Further, each represents different date and 
different stage the development acrop. Moisture data are available also. 

The data for each plot were treated separately, since there valid 
reason for assuming that the level the population one plot directly 
comparable that another and sufficient information the response 
bacteria plots not available justify detailed comparison plot 
populations this study. multiple correlation bacteria millions, 
moisture percentage, and time days from the beginning the experiment 
was calculated from the data for each plot. corn and barley plot data 
the relationship non-linear, and significant portion the 
total sum squares explained including fourth variable 
the multiple correlation. these cases where represents number 
bacteria, moisture percentage, and number days, the regression 
equation becomes: 


Since the response the population changes time the main point 
interest this investigation, numbers bacteria for each date sampling 
were estimated from the multiple regression equation with moisture set 
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constant 25%. This was repeated for each plot, giving regression lines 
that represent changes numbers bacteria during the crop season. These 
are shown Fig. fallow plot has time effect, but not cropping one. 
Accordingly, may considered check plot study the effect 
cropping numbers bacteria. 
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Fic. Regressions bacteria time, with moisture constant 25%, for each plot 
during the crop season. 


reality, correlation form analysis variance. The square 
the correlation coefficient represents the percentage the total sum squares 
accounted for the relationship. Accordingly, avoid confusion sub- 
sequent papers this series, the correlation data for individual plots are 
expressed terms analysis variance. The total sum squares for 
between dates represents portion explained the multiple correlation 
bacteria with moisture and time and unexplained portion. Further, the 
sum squares for the correlation consists portion related moisture 
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that independent time and another related time that independent 
moisture. These were calculated the method given Goulden 
(1, 214, Equation 10). These data appear Table 


TABLE 

sum squares freedom squares freedom squares freedom 
Fallow Plot Plot Plot 
Time 1399.7112 
Wheat Plot Plot Plot 
Barley Plot Plot 
Moisture 3375 .0840 5976.8640 
Sugar beets Plot Plot 
Soybeans Plot Plot 
Corn Plot Plot 


order show more clearly the effects moisture and time numbers 
bacteria the various plots the sums squares and degrees freedom 
for Error moisture, and time were combined for plots receiving one treat- 
ment. New variances were calculated. These are shown Fig. 

Moisture and time variances may compared with Error portion 
the variance associated with time and independent moisture small 
the data from fallow plots. Cropped plot data show time response that 
varies from small soybeans moderate barley and large incorn. This 
fair evidence that the growing crop has definite influence numbers 
bacteria the soil. This addition the response the population makes 
moisture. 
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ERROR! 


FALLOW WHEAT BARLEY 


_Fic. for Error the correlation bacteria and moisture independent 
time, and the correlation bacteria and time independent moisture. The data for replicate 
plots are combined for each crop. 

Discussion 


The data presented indicate that the plate count method, carried out 
this experiment, highly sensitive. This sensitivity due the reduction 
Error which results from minimizing the variances for within date effects 
revisions the field and laboratory sampling procedures, and further, 
the duplication samples each step balance for random sampling 
variations. 

Precise estimates the bacterial population, obtained the revised 
method, should not presented merely graph numbers bacteria 
against dates sampling. There are many environmental factors affecting 
the estimate any date that such simple presentation has little value 
relation any effect under consideration. the data presented, the effect 
moisture numbers bacteria any plot was great that the graph 
representing numbers bacteria plotted against dates sampling for the 
season gives wrong impression the effect cropping numbers 
bacteria. 

When the effect moisture numbers bacteria removed statistical 
treatment there better chance measuring the effects additional factors 
numbers bacteria. this study the second factor considered cropping. 
only one many that may affect the population. 
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The plate count method, the revised form, practical for experimental 
plot studies. has been proven highly sensitive demonstrating the response 
bacteria changes moisture and cropping. Undoubtedly, will 
equally valuable similar studies dealing with response differences 
many chemical, physical, and biological factors soil. The method, used 
formerly, has been applied several large scale investigations undertaken 
show the relationships between various factors and numbers bacteria. 
Samples were obtained from widely separated areas and, consequence, 
the amount routine labour was great. Frequently results were inconsistent 
and inconclusive. the basis results this study there reason 
expect that the revised procedure could used this type experiment 
the design were considered carefully. Otherwise the extreme sensitivity 
bacteria environment would cause wide variation among estimates. 
Lack information the response this population differences environ- 
ment would make impossible attribute this variation anything but error. 
unnecessarily large error might render the data useless for the purpose 
intended. This chance failure may reduced designing the experiment 
obtain information simultaneously different factors that affect numbers 
bacteria soil. When data many factors are available, much the 
variation can explained the basis response specific effects and may 
separated the analysis. The error variance reduced, thereby giving 
more sensitive test any effect under investigation. 

Finally, the authors are confident that the plate method eventually will 
find general application the problems soil fertility, the control soil-borne 
plant pathogens and soil classification. Its value relation these problems 
large measure will depend recognition the need for valid information 
the many different sources variation laboratory and field sampling 
procedures and realization the extreme sensitivity bacteria many 
environmental factors. Undoubtedly, progress will made through the 
use highly selective media experiments designed for statistical control. 
Differences the number bacteria developing one medium may indicate 
variations definite soil condition about the same way that differences 
colour one indicator show variations acidity within narrow range 
the scale. 
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INDIVIDUAL PLOT STUDIES VARIATION NUMBERS 
BACTERIA SOIL 


THE ERRORS THE PROCEDURE! 


Abstract 


Data the errors the plate count method are presented. They are based 
changes numbers bacteria during the crop season plots supporting 
different crops. Duplicate samples were used each step the procedure. 
This provides information variations associated with sampling, which con- 
tribute the error the plot estimate any date. 

large portion the differences among estimates from each plot made 
different dates explained correlations among numbers bacteria and 
changes environmental factors. Obviously, large error masks small 
relationship. 

This may minimized (1) careful sampling and the use duplicates 
each step the procedure and (2) collecting data for correlating bacteria with 
changes many environmental factors other than the one chief interest 
the investigation. 


Introduction 


Satisfactory plate count data from soil imply more than carefully carried 
out laboratory routine. represent results that can interpreted 
their true relation effect under investigation. This involves design 
for the experiment based certain definitely known facts and principles 
which may listed briefly. 

The soil complex lacks homogeneity. Consequently, estimates two 
samples taken points determined random may differ more than would 
expected the basis random sampling from biological population. 

The degree dilution required obtain small enough portion the 
original soil provide countable numbers colonies plates makes necessary 
series sampling steps between the soil the plot and the colonies the 
plate. Each sampling step involves random sampling from biological 
population and probably, well, additional variation. 

estimate based replicate samples taken random better than 
one sample. This applies each step the procedure. 

Replication samples provides data for measuring the variation attri- 
butable any sampling step. 

Bacteria soil are extremely sensitive environmental changes. 
Consequently, information many factors should available from the 
plot each sampling date. The responses these may segregated 
the analysis. 
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The portion the difference between plot estimates made different 
dates that cannot assigned any the factors considered the error 
used test the significance the response any them. 

error gives more sensitive test effect. Consequently, the 
plate count method demonstrating the relation between numbers bacteria 
soil and any factor made more sensitive increasing the portion the 
bacterial response that can assigned other specific factors. 

This paper deals with the problem errors experiment designed 
show the effect cropping numbers bacteria soil. The data reviewed 
have been considered (4) relation bacterial response cropping. Details 
crops, plots, sampling, and the laboratory procedure have been presented. 


Design the Experiment 


The design the experiment considered two parts. One part provides 
information the various steps the laboratory procedure and has 
with the reliability the estimate for plot any date sampling. 
deals with the within date variance. illustrated below. 


PLOT 


SAMPLES 


4 
SUBSAMPLES 
a b c a b c a b c a 


b c 


This plate unit has degrees freedom for estimating the within date 
variance. may divided give information the following. 


Source variance Degrees freedom 
Total 
Samples 
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There reason expect consistent difference between samples be- 
tween subsamples. Consequently, the interaction samples and subsamples 
not considered. The three dilutions represented different proportions soil 
water. There would different numbers colonies plates. Probably 
this would introduce effect related the differences between the associative 
action among colonies plates from one dilution and that among colonies 
plates from different dilution. Accordingly, the eight degrees freedom 
for dilutions are split show the variances for dilutions, the interaction 
dilutions samples and the interaction dilutions subsamples. The 
pairs plates were handled systematic way. pair was prepared, 
piled the incubator, and counted one order. The bacteria pairs 
plates might show response this systematic procedure. Accordingly, 
the degrees freedom for plates segregated represent systematic 
order. Obviously, the interaction between the three dilutions and plates 
prepared this order should considered. This interaction accounts for 
two more degrees freedom. The remaining degrees freedom represent 
interactions not likely particular interest this study. They are 
grouped the error for the plate unit. The form analysis follows. 


Source variance Degrees freedom Source variance Degrees freedom 
Total Dilutions subsamples 
Samples Plates 
Subsamples Plates dilutions 
Dilutions samples 


The other part the design provides information the bacterial response 
plots moisture and different crops well Error These 
represent between date variances. The method handling the data 
separate the variance for these effects has been considered the previous paper. 

The degrees freedom for the entire experiment are shown Table 
The variation degrees freedom from different plots due the fact 
that all plots were not sampled the same number dates. The degrees. 
freedom for within date effects and interactions represent those shown 
the design for one plot estimate multiplied the number dates which 
each plot was sampled. 

Results 

For simplicity presentation and brevity, analysis variance data are 
presented Fig. what appear six graphs. Each graph represents 
different crop treatment. The sources variance are listed arbitrary 
intervals along the axis approximately the reverse order that Table 
The mean squares for each source variance are plotted the axis 
semilogarithmic paper and the points joined arbitrarily. This makes 
possible visualize and compare mean squares the 1000’s range from 
certain sources variance along with others the 10’s range from different 
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TABLE 
Crop 
Fallow Wheat Barley 
Source variance 
Plot 
Between dates 
Within dates 
Total 437 460 391 414 391 391 414 391 
samples 
Error 171 180 153 162 153 153 162 153 
Crop 
Sugar beets Soybeans Corn 
Source variance 
Plot 
Between dates 
Within dates 
Total 414 437 391 437 437 391 
samples 
Error 162 171 153 171 171 153 


sources. 


tests significance are desired approximate mean squares may 


read directly from the graphs and degrees freedom obtained from 


Table 
variance 


Error 


Plates 


Plates dilutions 


Dilutions samples 


Subsamples 
Dilutions 


Dilutions subsamples Samples 


Error 


10. Moisture 


Time 


error may selected according the principles analysis 
and values calculated. 
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The graphical presentation the data makes several points apparent. 

The graphs are much alike. This evidence that, general, the mean 
squares for any source variance are quite similar for all plots, even though 
they represent different crop treatments. course, the mean squares for 
time are exceptions. 

The mean squares for each plot any chart hold different levels, with 
little crossing the lines connecting the points. This may explained 
the presence populations differing size the different plots but having 
similar tendencies vary response environmental conditions. This 
would give proportionately greater mean square each sampling step 
the plot having larger population. Or, may explained the presence 
populations made different proportions various biological groups. 
One plot may contain large proportion group that sensitive changes 
environment, while another plot this group may represent only small 
portion the population counted. 

The first six variances, Error subsamples, general, are quite 
similar any chart. They hold different levels different crops. 

Theoretically, the number colonies per plate should vary 
and the variance for dilutions should little greater than Error these 
data the mean squares for dilutions are several times large. This was 
expected the basis previous work the variance 
associated with this difference number colonies per plate addition 
that attributable random sampling. 


The variance for samples large also. This confirms findings reported 
previously (2, variance for samples related soil heterogeneity, 
random sampling from the plot two different randomizations, and 
differences the moisture content the samples. 


The mean squares for Error are from one six times those for samples. 
the average, this error will not less than the variance for samples because 
each plot estimate based two samples. will larger since contains, 
addition, that portion the variance for between dates that not explained 
the correlations among numbers bacteria and certain environmental 
changes. 

The responses moisture and time are enormous compared any 
the other effects listed. These have been considered fully the previous 


paper. 
Errors 


Two errors are shown the design this experiment. Error represents 
the unexplained portion the variance for between dates. used test 
plot field effects. Obviously, the size the error depends upon the precision 
the plot estimate each date. When the laboratory and field sampling 
procedures add minimum the error replicate plates the variance for 
between dates may largely assigned correlations between numbers 
bacteria and changes environmental factors, such moisture and time 
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this experiment. the other hand the laboratory procedure faulty, 
there failure compensate for heterogeneity samples and random 
sampling replications each sampling step, Error will large and the 
sensitivity the experiment lessened result. Further, the size Error 
depends upon the proportion the variance that assigned definite 
relationships. this experiment the variance for the correlation between 
bacteria and moisture separated from Error Accordingly, the error 
reduced and the response cropping highly significant. Undoubtedly, 
the segregation the variance for the correlation between bacteria and tem- 
perature from the error would provide more sensitive test the effect 
cropping. This was not done this experiment because soil temperature data 
were not available all plots. 

Error represents the unexplained portion the variance for within dates. 
used test the significance plot and laboratory sampling variances, 
and also test Error this experiment consists the variance for all 
the interactions with plates except that for plates dilutions. Since has 
been shown Fig. that the variances for certain sampling steps and inter- 
actions segregated the analysis are only little larger than Error the wisdom 
splitting the degrees freedom this extent may considered. The 
data for the complete experiment are summarized Table II. 


TABLE 


MEAN SQUARES FOR ERROR 2 AND PERCENTAGE INCREASES IN THE ERROR BY COMBINING 
CERTAIN DEGREES OF FREEDOM WITH ERROR 2 


Source variance Error (dilutions (dilutions (dilutions 
plates) subsamples) plates) 
Fallow 7.4305 106.4 108.8 109.9 
Wheat 9.8767 102.0 107.6 118.2 
Barley 14.8226 100.6 107.5 
Soybeans 102.3 109.4 113.4 112.5 
Sugar beets 8.7718 100.6 108.7 123.8 108.5 
Corn 10.7492 99.1 110.2 117.4 121.0 
Average 100 101.8 108.9 117.6 113.4 


The mean squares for Error for each crop are listed Column 
the average these will less than those for combinations degrees freedom 
that include Error Error and different effects, expressed 
percentages Error are shown Columns The bottom line 
gives averages for all crops. readily apparent that little gained 
splitting the degrees freedom for pairs plates shown the original 
design for the plate unit. For practical purposes this error replicate 
plates the minimum laboratory error. The inclusion other effects and 
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interactions the error largely matter judgment. Obviously, when the 
laboratory procedure varied new medium tested the error replicate 
plates should used preliminary trials and the various interactions should 
checked. Too, Chi square studies should carried out determine 
whether the variation within pairs replicate plates conforms expectancy 
the basis random sampling. Once has been established that the 
population responds normally the new variation procedure the calcula- 
tion may reduced segregating only the degrees freedom for samples, 
subsamples, and dilutions, unless the remaining variance proves aboyt 
large that for any these effects. This would indicate failure 
account for some disturbing factor. 

The sensitivity experiment may increased reducing the error 
increasing the number replications. experiments involving plate 
count data the reduction the error gives more sensitive test effect 
than does increasing the degrees freedom for error replications. This 
may illustrated data from Plot wheat. 


Degrees point 
freedom 
freedom 
Between dates 
6136.7530 6.5475 8.53 6.64 
Unexplained 


The analysis shows that the variance for the correlation bacteria and 
moisture below the level significance and would still even the 
error represented infinite number degrees freedom. 

When time included with bacteria and moisture the correlation the 
unexplained portion the sum squares reduced and the analysis becomes: 


point 
Degrees with infinite 
Source variance Variance point degrees 
freedom 
Between dates 
6136.7520 11.6656 8.68 6.64 
Unexplained 526.0560 


this case the variance for the correlation bacteria and moisture 
highly significant. This increase sensitivity gained including 
additional independent variable which accounts for large part the varia- 
tion unexplained the simple correlation and consequently 
leaves smaller variance for error. 
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The reduction error important when the factor studied represented 
single degree freedom and likely account for smaller portion 
the sum squares than does moisture time. Undoubtedly, this will 
the case when the relation root rot cereals numbers bacteria soil 
studied. significant the variance must 6.64 times that for the 
error with infinite number degrees freedom. 

order show the relative size the sums squares for certain groups 
degrees freedom used the analysis the data for each crop are considered 
again. For simplicity presentation, they are expressed percentage 
basis. 


Crop Total Moisture Time plates 
Fallow 100 4.0 14.5 44.3 15.1 
Wheat 100 63.5 16.6 21.7 36.5 10.1 
Barley 100 65.6 16.2 25.8 23.6 34.4 10.9 
Sugar beets 100 63.1 29.5 10.6 23.0 36.9 9.9 
Soybeans 100 51.6 7.6 16.0 24.8 8.5 
Corn 100 72.9 20.1 5.5 


may noted that the sums squares assigned any heading differ 
the different crops. This most striking under between dates, where the 
sums squares vary from 75%. The correlations among bacteria, 
moisture, and time account for from 60% the total sums squares 
the various crops. Consequently, Error the unexplained portion 
the sum squares for between dates, relatively small for each crop. 
Similarly the portions the sums squares for within dates not accounted 
for samples, subsamples, dilutions, and their interactions are small. These 
unexplained portions are listed under replicate plates. 

The following calculations based the data from this study are presented 
illustrate the relationship the errors considered. The sums squares, 
expressed percentages and shown above, are averaged for all crops. Degrees 
freedom are listed represent replications the plate unit from one 
plot. From these data relative variances are calculated for each heading. 
These follow. 


Total Between Error Within Repl. 


dates Moisture Time dates plates 
Average 100 66.0 30.0 17.3 18.7 34.0 10.0 
Relative variances 3.47 30.0 0.07 0.04 


The first logical step test the sums squares for between dates against 
those for within dates. 
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Between dates 66% 3.47 1.98 
Within dates 34% 460 0.07 


Such highly significant variance between dates may make that for within 
dates appear unimportant and lead lack proper care plot and laboratory 
sampling procedures. However, the variance for within dates assumes new 
importance when the following data are considered. 


Degrees 
Source variance Variance point 
freedom 
Between dates 
Moisture 30.0 8.40 
Time 15.73 8.40 
Error 
Within dates 
Samples, subsamples, dilutions, 
and interactions 220 2.616 1.38 
Replicate plates 240 


The variance for replicate plates the error for testing other laboratory 
and plot sampling procedures. 

The average variance for samples, subsamples, dilutions, 
interactions significantly larger than the variance for replicate plates. 
Therefore these sampling steps increase the error any plot estimate. 

the average Error will not less than the largest variance for any 
step the laboratory procedure. 

The variances for the correlations among bacteria, moisture, and time 
are large that any slight reduction the sums squares for within dates 
would cause little change the significance these responses. Obviously, 
any plot experiment designed study changes numbers bacteria should 
provide information these correlations. Whether this information used, 
the variance merely removed from the error, will depend upon the 
object the experiment. 

Undoubtedly, the correlation between bacteria and the incidence root 
rot plot would less than that between bacteria and moisture time. 
Consequently, the method must sensitive enough detect much smaller 
responses environmental factors than those encountered this study. 
This sensitivity will result from minimizing the error available for testing 
the response giving careful consideration plot and laboratory sampling 
procedures, well bacterial responses changes environmental 
factors. 
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STUDIES CROWN ROT APPLE 


Abstract 


The form apple tree crown rot that occurs the irrigated orchards 
British Columbia confined the below-ground bark tissues the tree. 
has been encountered trees all ages and all the commercial varieties. 

Proof given that this crown rot caused the fungus Phytophthora 
cactorum (L. C.) Schroet. Typical symptoms the disease have been repro- 
duced over 200 trees various ages result their inoculation with this 
fungus. Isolation has been possible only from the margins active lesions, and 
has proved difficult even from these tissues. There evidence that the activity 
cactorum inhibited rotted tissues the antagonistic effect one 
more secondary organisms. 

The influence soil moisture and temperature disease incidence has been 
studied field observations and the inoculation trees under 
controlled conditions Wisconsin tank equipment the greenhouse. The 
effects these two factors seem interrelated, with the highest incidence 
disease almost saturated soil the highest temperature imposed, 32° 
The influence soil moisture exerted particularly the subsoil, rather than 
the locus crown rot attack. 

Certain varieties apple have been found vary their resistance crown 
rot. Deep wounds have proved necessary allow entry the fungus into bark 
tissues. 

The additional information now available being utilized search for 
improved means combating the disease. 


Introduction 


Crown rot disease considerable economic importance the apple 
orchards the Okanagan Valley British Columbia and closely resembles 
certain the crown and collar rot conditions apple trees which have been 
reported from other regions. The present investigation has been designed 
ascertain the nature the disease and its specific cause, elucidate the 
manner operation factors determining its incidence, and seek improve- 
ments the measures present use for its prevention and control. 


DESCRIPTION THE DISEASE 


Nature the Injury the Crown 

The form apple tree crown rot that regarded typical the Okanagan 
Valley involves only the bark tissues the tree below ground level. The 
attack confined usually those portions the trunk and roots that lie 
within six inches the surface the soil. Only rarely are tissues greater 
depth, above-ground tissues, attacked. The ability the rot spread 
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through the tissues varies greatly individual trees. When left undisturbed 
may successfully girdle large tree and spread several feet along the surface 
roots the course few weeks. the other extreme the spread may 
cease entirely after small patch rot has been produced, single root 
girdled. Not infrequently tree may lose one two small roots each year 
but never suffers extensive damage. 

Crown rot usually can detected only careful examination. The rot 
not apparent unless the tough outer layer bark scraped off. The death 
the bark evidenced browning and softening all the remaining 
layers the depth the cambium. Recently rotted tissues are light yellow- 
brown colour and are water-soaked regardless the moisture level the 
surrounding soil. the rot becomes older the tissues turn darker brown 
and may become slimy may dry out, accordance with the surrounding 
conditions. Actively spreading rot, might expected, has definite 
margin but rather transition from the dark brown colour the older rot 
through successively lighter shades into the normal green healthy bark. 
When the spread ceases definite margin forms between the dark brown 
rotted tissue and the healthy tissue. Cracks often appear around this outer 
margin. 

The sapwood beneath areas rotted bark becomes discoloured, but there 
evidence rotting tissues beneath the cambium. 


Infrequently and atypically the rot may extend much six inches above 
ground level. such instances there zonation effect produced the 
bark the alternation irregular layers very light brown and darker 
brown tissue. These tissues have firm, soapy consistency. near 
ground level there occurs transition into the typical bright yellow-brown, 
water-soaked crown rot tissue. 

Fig. pictures the crown 15-yr. old Winesap tree which has been 
girdled crown rot. this tree the bulk the crown rot lesion lies 
below ground, but has extended short distance above and displays the 
zonation type rotting near its upper limit. cactorum was isolated from 
the margin light brown lesion this tree. 


Above-ground Symptoms 

Since the bulk the rotting occurs below the surface the soil, the first 
noticeable indication the disease usually the appearance secondary 
symptoms the upper part the tree, after the rot has progressed for some 
time. 

The sequence the appearance secondary symptoms varies some 
extent with the time year which the crown injury sustained. The 
disease most frequently appears active the early part the summer. 
Then the first symptom bronzing, followed yellowing the leaves 
already formed when the injury occurs. New leaves formed after this time 
usually fail reach normal size. The bark develops reddish tinge and the 
fruits may small and conspicuously coloured. the following season the 
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yellowing and sparseness foliage becomes more noticeable. accom- 
panied reduction terminal growth. When the crown injury occurs later 
the growing season above-ground symptoms may appear until the fol- 
lowing spring when the yellowing and sparseness foliage become evident 
accompanied the same season the other described symptoms. The tree 
pictured Fig. exhibits the symptoms that usually appear during the season 
following crown injury. 

Above-ground symptoms are produced only those portions the tree 
above the rotted sector the crown. For this reason they are usually mani- 
fested first single limb the tree. complete girdling occurs, death 
the entire tree will ultimately result. 


When crown rot extends above ground level, its presence can often 
detected the appearance patches liquid exudate the bark. 
These may immediately above just within the upper margin 
the rotted bark. This phenomenon has been described and pictured 
McLarty (16). 

The Okanagan Valley forms the centre the apple-growing industry 
British Columbia. The greater part the valley entirely dependent 
irrigation for maintenance the orchards. 


this irrigated area, extending from the Vernon district south the 
border Washington, that crown rot most commonly occurs. The prevalence 
the disease varies from district district, and fluctuates given district 
from year year. safe say that majority the orchards are losing 
odd trees each year crown rot attack. Periodically more serious out- 
break will Occur individual orchard, involving within several years 
much half the planting. Trees all ages are attacked with little preference 
although common belief that the first cropping young tree renders 
particularly susceptible. The prevalence the disease and the fact that 
injures kills trees whose replacement recovery requires number years, 
have conspired make this one the most serious plant disease problems 
the region. 


Several other types crown and trunk injury are known the Okanagan 
Valley. Winter injury apple occurs periodically the northern sections 
the valley and usually can distinguished readily from crown rot the 
bases both occurrence and symptoms. Mechanical injury, produced 
disking rodents, also readily recognizable. additional condition 
frequently encountered both young and old trees superficial browning 
the bark the crown below ground level. The depth this tissue killing 
varies greatly. Infrequently found penetrating the depth the 
cambium over limited area. Although this bark degeneration resembles 
that found typical crown rot, there appears correlation between 
the occurrences the two disorders. The cause this surface browning 
remains obscure. 
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PREVIOUS INVESTIGATIONS CROWN ROT BRITISH COLUMBIA 


Crown rot has been the subject observation and investigation plant 
pathologists the Okanagan Valley for about yr. Many the data 
accumulated have been included reports McLarty (15, 16) and Roger 
(20, 21). The information gained their researches included the following. 


Both its symptom picture and the circumstances its occurrence 
crown rot could distinguished readily from low temperature injury. Its 
incidence showed correlation with the use arsenical sprays and the 
symptoms differed from those reported arsenical injury symptoms 
Swingle and Morris (24) and Hotson (12). 

Most all the initiation crown rot occurred during the summer months. 
The lesions enlarged gradually, suggesting fungal bacterial action. How- 
ever all attempts isolate causal organism were unsuccessful. isolate 
appeared with significant degree consistency, and inoculation experiments 
with the more common isolates case produced crown rot symptoms. 


Although the distribution the disease certain orchards indicated varying 
resistance among the interplanted varieties, the disease could found from 
time time all the commercial varieties. 

With few exceptions the outbreaks crown rot could correlated with 
the existence excess moisture conditions the orchard soil. Reduction 
soil moisture, adjustment irrigation application drainage, con- 
sistently reduced the severity the outbreak. The precise effect this 
excess moisture was not determined. Furthermore orchards were encoun- 
tered which soil moisture conditions appeared ideal for crown rot 
occurrence but which the trees remained disease-free. When outbreak 
disease did occur orchard the selection trees for attack often was 
unpredictable. When crown rot was once initiated the extent the lesions 
varied greatly from tree tree, certain trees remaining small isolated 
patches rot, others spreading over the entire surface the crown and 
surface roots. appeared, therefore, that additional factors were operative 
determining disease incidence. The nature these additional factors 


remained obscure. 
Experimental Work 


ISOLATION AND PROOF PATHOGENICITY Phytophthora cactorum 


THE ISOLATION PROGRAM 


the course four summers’ isolation work, diseased material has been 
collected from total trees orchards scattered through the various 
apple-growing districts the Okanagan Valley, from Osoyoos the border 
the State Washington the Vernon district approximately 100 miles 
the north. the first two seasons all isolates were retained for possible 
further study. However view recent demonstrations the importance 
species Pythium and Phytophthora the etiology root rot diseases, 
particular attention was paid the isolation species these two phyco- 
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mycete genera and tests their pathogenicity. its later phases the 
investigation was limited the isolation and study the single species, 
Phytophthora cactorum (L. C.) Schroet. 


ISOLATION TECHNIQUES EMPLOYED 


standard technique has been evolved for isolation the fungus from 
crown rot tissue. Blocks bark tissue are removed from the crowns 
diseased trees, each block being cut that includes the border diseased 
and healthy tissue the region where the transition appears most 
gradual. The blocks are cut include all layers bark the depth the 
cambium. This material brought into the laboratory quickly possible. 
the laboratory the block split make possible the removal small 
pieces previously unexposed tissue from the border the lesion. These 
pieces tissue are planted potato dextrose agar. 


The apple fruit isolation method described Tucker (27) has been utilized 
some later experiments. somewhat more laborious however and does 
not appear allow more consistent isolation cactorum than does the 
method outlined above. 


the earlier stages the isolation program variations the standard 
method were tested. Plantings were made rotted tissue from well behind 
the margin obvious infection, and from the diseased tissues trees which 
the spread rot obviously had been halted. Several types culture media 
wereemployed. These variations were discarded when advantage appeared 


accrue from their use. 
RESULTS ISOLATION 


the earlier stages the investigation when isolation was being made from 
all types tissue, variety organisms was recovered from crown rot tissues. 
Included were species Fusarium, Helminthosporium, other 
unidentified hyphomycetes, and number fungi that were not induced 
fruit culture. Bacterial colonies also appeared frequently. Three phyco- 
mycetes were isolated. The first isolate obtained each was used patho- 
genicity tests. the writer’s stock culture catalogue these were designated 
Isolates 229a, and 339c. was obtained from two trees 
well separated orchards. characterized coenocytic mycelium and 
bulbous chlamydospores. Reproductive structures have never been observed. 
Isolate species Pythium. 229a has been identified 
Phytophthora cactorum (L. C.) Schroet. This identification was made for 
the writer Dr. Vanterpool, University Saskatchewan, Saskatoon, 
Sask., October, 1939, comparison with type culture cactorum 
from the collection Ashby Kew. 

Since the discovery crown rot usually awaits the appearance secondary 
above-ground symptoms the attacked tree, opportunities isolate from 
active lesions have been infrequent. When has been possible make 
isolations from the margins such freshly rotted bark, only two organisms 
have been isolated, one bacterium and the other the phycomycete Phytophthora 
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cactorum. The bacterium represented the stock culture catalogue 
Isolate can isolated occasionally from these marginal tissues, 
but yielded much more frequently from the darker brown rotted tissues 
immediately behind the border the lesion. the other hand isolation 
cactorum has been successful only when plantings have been made light 
brown tissues the extreme margin the active lesion. 

cactorum has been isolated from natural occurrences crown rot 
seven trees, six orchards scattered through the length the Okanagan 
Valley, the Vernon, Kelowna, Summerland, and Osoyoos districts, and 
the Dominion Experimental Station near Summerland. 

Crown rot lesions produced the inoculation healthy trees with cac- 
torum, whether the greenhouse out-of-doors, have yielded the causal 
fungus more consistently than have the natural occurrences the disease. 
This greater measure success undoubtedly has been attained because 
possible keep inoculated trees under observation, and thus select tissue 
for isolation while the rot spreading rapidly. 


INOCULATION 1938, 1939 


Inoculation experiments were begun 1938 and continued throughout the 
summer 1939, using essentially the same technique and test material 
the two seasons. These experiments were designed test the pathogenicity 
various isolates that had been yielded from crown rot lesions, with partic- 
ular attention paid the isolated phycomycetes. 


The technique inoculation all 1938 and 1939 experiments consisted 
the lifting flaps bark and the insertion inoculum beneath. The flaps 
were bound back place with raffia. The inoculum consisted mycelial 
wads removed from cultures grown potato dextrose agar. 


For most these early experiments the inoculations were made into one- 
and two-year old apple trees growing sand culture the greenhouse, with 
automatic irrigation which allowed the sand about the crowns remain con- 
stantly moist although never saturated. Various combinations scion 
and rootstock were included. The scion varieties were McIntosh and 
Delicious. The rootstocks included several Malling stocks and seedling 
stocks Canada Baldwin and French Crab. each experiment care was 
taken distribute the inoculations that the various com- 
binations were divided equally among the included tests. The inoculation 
each case was made the junction scion and rootstock, situated just 
beneath the surface the sand. These trees were used for tests the 
pathogenicity the two phycomycetous isolates designated and 
the most frequently isolated species and two unidentified non- 


sporulating isolates. 


229a will known throughout the remainder this paper cactorum isolate 
No. although the fungus remained unidentified when the 1938 and 1939 experiments were 


performed. 
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Additional tests were made using older trees growing out-of-doors. Two 
20-yr. old trees were inoculated essentially the same technique used for 
inoculation the young trees, one tree with Isolate 3a, the second with 
cactorum isolate No. Peat was packed about the crowns the trees, 
and kept moist means constantly dripping water supply. The crowns 
two trees were wounded and packed with moist peat the same manner 
serve checks. 

addition effort was made test the pathogenicity the two phyco- 
mycetous isolates above-ground inoculations bearing Rome Beauty 
tree. Flaps bark were lifted the main limbs the tree, and inoculum 
was inserted beneath. The wounds were bathed with wicks cheese-cloth 
fed from suspended vessels water above. 


RESULTS 1938 AND 1939 INOCULATIONS 


The results the inoculation young trees sand culture indicated 
ability Isolates and cactorum No. cause rotting apple bark 
tissues. Wherever these organisms were inserted into wounds least the 
lifted bark was rotted. Usually there occurred limited spread rot into 
surrounding bark tissues. The inoculation with the cactorum isolate 
produced rule more extensive rotting. three trees, inoculation with 
this organism caused complete girdling the crown. check trees where 
sterile agar was substituted for fungal inoculum and trees inoculated 
with the remaining three isolates, the lifted bark flaps remained sound and the 
wound callused rapidly. 

The inoculation limbs the older Rome Beauty tree with the Isolates 
and cactorum No. resulted once again rotting lifted bark and 
limited spread the rot into surrounding bark tissues. Both organisms 
were reisolated from the border this rotting tissue. 

The first production typical crown rot symptoms resulted from the 
inoculation the crown 20-yr. old tree with the cactorum isolate. 
The inoculation was made April 1939. October 15, 1939, the tree 
was two-thirds girdled typical crown rot just beneath the surface the 
peat. cactorum was reisolated from the margin the spreading rot 
October 15. The simultaneous inoculation neighbouring tree with Isolate 
did not produce any crown rot. The two check trees, wounded but not 
exposed inoculum, also remained unattacked. 


INOCULATION EXPERIMENT, 1940 


block trees the grounds the Dominion Laboratory Plant 
Pathology Summerland was set aside for tests the pathogenicity 
cactorum isolate No. Isolate 3a, and Isolate 339c. The trees, which were 
seven years old and bearing, included the four varieties: Newtown (three 
trees), McIntosh (four trees), Delicious (four trees), and Winesap (six trees). 
All were growing unknown rootstocks. Soil and water conditions appeared 
uniform throughout the block. crown rot had been known occur 
this block previous years. 
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The method inoculation was essentially that employed the 1938 and 
1939 experiments. Two long vertical slits were cut opposite sides the 
crown each tree and the inoculum inserted beneath the bark throughout 
the length the slits. check trees sterile agar was inserted the vertical 
slits. The original soil was replaced about the wounded crowns. condition 
ample, but never excessive, soil moisture was maintained about these trees 
throughout the experiment. Two sets inoculations were made. 


April and 1940, inoculations were made follows: 


Isolate Newtown, Winesap. 
cactorum........ Newtown, McIntosh, Delicious, Winesap. 


crown rot resulted from inoculations with Isolates and 339c. There 
appeared only restricted rotting the bark lifted for insertion inoculum. 
the two uninoculated check trees even this lifted bark remained healthy 
(Fig. 4). 

Typical crown rot was produced the three Winesap trees inoculated with 
Complete girdling the three trees occurred within three 
months inoculation, with spread the rot through the bark tissues 
both scion and rootstock portions the crown (Fig. 3). 

July all trees which crown rot had not been produced the earlier 
inoculation were reinoculated with cactorum. These included three trees 
each the four varieties. The two check trees were again wounded without 
application inoculum. The three Winesap trees suffered complete girdling 
result this inoculation. One these trees was girdled within three 
weeks. Again crown rot was produced the varieties Newtown, 
and Delicious. 


Thus the inoculation the six Winesap trees with cactorum resulted the 


initiation typical crown rot every case. Three these were trees whose 
earlier inoculation with the Isolates and had been ineffective. 


1940, 1941, and 1942 crown rot was produced total 201 trees 
result their inoculation with cactorum. The details the various 
experiments are given other sections this the course varietal 
resistance studies the disease was produced bearing trees the field 
and one- and two-year old trees the field. The soil environment studies 
carried out under controlled conditions the greenhouse resulted the 
production disease two-year old trees. 


all the experiments outlined cactorum has been reisolated from the 
margin actively spreading rot representative trees. The symptoms 
resulting from inoculations with cactorum are every respect typical crown 
rot symptoms. The same tissues are attacked the same locus and the 
progressive stages tissue breakdown appear identical. 


t 
| 


WELSH: CROWN ROT APPLE 


Microscopic Examination Crown Rot Tissues 


effort demonstrate further the association cactorum with 
crown rot, microscopic examination has been made samples freshly 
rotted tissue all collections diseased material made the summers 
1940 and 1941. The staining tissue scrapings with cotton blue acid 
fuchsin lactophenol has revealed the constant presence coenocytic 
mycelium growing intercellularly and intracellularly freshly rotted tissues. 
This mycelium corresponds well with that cactorum culture. 
Frequently has been found rotted tissues when attempted isolation from 
the same tissues has indicated that they are sterile harboured only the 
bacterium 4520. 


AND TEMPERATURE FACTORS INFLUENCING DISEASE 


During the course these investigations crown rot several lines 
approach have been followed the search for further data the influence 
soil moisture and soil temperature crown rot incidence. 

particular, with the parasitic nature the disease established and the 
causal organism identified, has been possible design experiments which 
the progress the disease could followed under various controlled condi- 
tions soil moisture and soil temperature. 

Field inoculation experiments have provided some additional data the 
influence soil moisture and temperature. addition, field observations 
the natural occurrence the disease have been continued. 


TEMPERATURE AND RELATIONS Phytophthora cactorum PURE CULTURE 


preliminary studies the effect soil moisture and temperature 
the pathogenicity cactorum, tests have been made the tempera- 
ture-growth relations the fungus and its response graded relative 
humidity levels while growing pure culture. 

Temperature Studies 

cactorum isolate No. was grown plates Leonian’s malt extract, 
yeast extract agar (14) the temperatures 6.5, 14, 21, 25, 27, 30, 32, 
and 34°C. Inoculum disks uniform size were planted the centres 
the plates. Colony diameters were measured daily for period eight 
days. The experiment was performed triplicate. 

The results are illustrated Fig. The minimum temperature for growth 
under the conditions imposed was shown between and The 
rate growth increased steadily with rise temperature far 
The maximum temperature approximated with death resulting from 
eight days’ exposure this temperature. Even 30°C. growth became 
slower and somewhat irregular the exposure continued. 


Relative Humidity Studies 
cactorum was grown culture with the relative humidity the enclosing 
chambers governed the dehydrating activity varying concentrations 
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sulphuric acid. The culture medium used was potato dextrose agar. 
The concentrations sulphuric acid required for humidity regulation have 
been listed table Stevens (23) and presented graphically Hopp (11). 
Their figures, which were good agreement, were accepted and used the 
writer. The more dilute solutions sulphuric acid were sterilized before use. 

The glassware employed for each culture and humidity chamber consisted 
the lower half cm. Petri plate and complete cm. Petri plate, 
the former being placed within the larger chamber prior the sterilization 
the whole. 

cc. portion melted agar was poured into each cm. enclosed plate. 
Immediately thereafter, cc. sulphuric acid the required strength was 
poured into the outer chamber. Twenty-four hours later small disk 
cactorum mycelium was planted the centre the plate agar. 

The humidities sought were 0.5, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100% 
saturation. test was performed duplicate. One additional pair 
plates contained solution the outer chamber. 

order give more significance the results with cactorum, identical 
series was set up, using test organism species Helminthosporium which 
causes leaf blight Russian thistle under dry summer conditions the 
interior British Columbia. The growth rate these two fungi potato 
dextrose agar was known approximately the same. The Helmintho- 
sporium was exposed the relative humidities, viz.: 0.5, 20, 40, 60, 
80, and 100%. 

(a) Growth the Fungus 

The rate growth cactorum each humidity during period seven 
days recorded Table The growth ceased before the seventh day 
colonies exposed relative humidities below 90%. The growth rate all 
the colonies was comparable, and remained steady until was halted 
complete desiccation the substrate. The final diameter reading the 
colonies was frequently record one sector only, the substrate beneath 
the remainder the colony having already dried. The amount aerial 
growth appeared the same all relative humidities. 

evident that significant difference growth rate was effected 
variation the relative humidity the culture chamber long the agar 
substrate remained moist. 

The Helminthosporium series exhibited the same uniformity growth rate 
all humidity levels. 

(b) Survival the Fungus 

daily transfer was made from each plate, beginning shortly before the 
complete desiccation the medium and the accompanying cessation 
fungus growth. Where the medium dried unevenly over the surface the 
plate, transfers were made from both the moist and the dry areas. When 
the fungus could transferred longer, final attempt was made revive 
the colonies flooding them with cooled melted agar. 
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TABLE 


THE GROWTH cactorum CULTURE UNDER VARYING CONDITIONS ATMOSPHERIC 
HUMIDITY. DAILY READINGS COLONY DIAMETER MILLIMETRES. 
FIRST READING TWO DAYS AFTER INOCULATION 


Relative 


humidity, Colony diameter, mm. 
0.5 


First inoculation unsuccessful. Plate reinoculated one day later. 
First inoculation unsuccessful. Plate reinoculated two days later. 


cactorum all cases remained alive long the substrate immediately 
beneath remained moist. all relative humidity levels below 60% 
the drying the substrate resulted not only cessation fungus growth 
but also its immediate death. This was strikingly evident where only 
portion single plate was dried. Transfers then were unsuccessful from 
the dry area, although successful from the remainder the colony. One 
the two colonies 60% humidity was revived two days after growth had 
ceased. Both colonies 70% humidity were revived after two days. 
the colonies 80% humidity, one remained viable for two days and the other 
One the colonies 90% humidity was lost contamination. 
The other was revived five days after cessation growth. 
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Microscopic examination mycelial wefts from the cactorum colonies 
revealed that reproductive structures had not been produced most the 
colonies before the medium became dry, that the survival the colonies 
was function the mycelium alone. The single exception was colony 
exposed 40% humidity, which produced small numbers oospores. These 
oospores apparently did not remain viable after the desiccation the medium 
beneath. the four lowest humidities the mycelium suffered almost com- 
plete disintegration the three days following final drying the substrate. 

The colonies Helminthosporium displayed much greater resistance 
desiccation. the colonies 0.5% humidity one was successfully revived 
three days after, and the other, four days after desiccation the substrate. 
colony 20% humidity yielded successful transfer after days. 
higher humidities the colonies remained viable three weeks after the desic- 
cation the substrate. fungus began sporulate four days after the 
plates were inoculated, that the colonies grown 0.5 and 20% humidity 
were unable sporulate before the desiccation occurred. Thus the survival 
these colonies must have been function the mycelium alone. 


AND TEMPERATURE STUDIZS UNDER CONTROLLED CONDITIONS 


effort determine precisely the soil conditions favouring crown rot 
incidence, young apple trees have been exposed inoculum cactorum 
while growing under various experiences soil moisture and soil temperature. 


Experiment 

Wisconsin tank equipment was utilized for control soil moisture and soil 
temperature levels. Seventeen combinations moisture and temperature 
were imposed. Tank equipment was available for the maintenance 
given time six soil temperature levels, with eight trees accommodated 
each temperature. Thus trees were included each temperature series. 
The temperature levels were adjusted give the best possible series between 
the previously determined minimum and maximum temperatures for growth 
cactorum culture. order combine tests soil moisture with the 
soil temperature studies, three successive series were set up, three varying 
soil moisture levels. Thus eight trees were subjected each the soil 
temperature experiences. 

Sterilized soil was used throughout. The soil moisture level was adjusted 
the thorough mixing measured amounts water with the soil the cans 
before the trees were planted. The moisture levels were maintained during 
the course the experiment periodic weighings the cans and the addition 
water make the original weight. the soil was being maintained 
moisture level too low make this feasible, alternative criterion 
moisture level was provided the readiness with which the soil the various 
moisture levels would mould into ball, and the readiness with which this 
ball would crumble thereafter. 

Infestation the soil was achieved the introduction corn-meal, sand, 
canned pea medium which the fungus had been cultured for three weeks. 
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This material was added the rate weight the soil which occupied 
the upper one-quarter each can, contact with those tissues that usually 
form the locus crown rot attack. 

The set Wisconsin tanks was contained single greenhouse. The 
temperature the house was maintained constantly possible 
midway between the extremes soil temperature included the experiment. 
The atmospheric humidity was kept low possible attempt 
approximate Okanagan Valley summer conditions. varied between the 
limits and 50% saturation while the experiments were progress. 
avoid excessive evaporation and loss heat from the surface the soil, 
thick wad non-absorbent dressing cotton was spread over the entire soil 
surface each can and packed about the trunk the tree. 


The test trees were two years age, growing French Crab rootstocks. 
each individual test equal numbers were used the two varieties Canada 
Baldwin and Grimes Golden. The trees were allowed remain out-of-doors 
for necessary hardening-off period during the early part the winter. Four 
weeks before the setting-up each series, the required trees were brought 
into warm humid greenhouse. The roots were washed thoroughly, the 
roots and branches pruned, and the trees potted sterilized soil. The 
emergence the trees from dormancy was not uniform. The four-week 
period allowed complete unfolding and expansion the leaves certain 
trees, while others remained dormant. general the Canada Baldwin 
trees responded more rapidly than the Grimes Golden. Considerable care 
was taken apportion the dormant and vigorous trees equally the various 
individual tests. 

When the trees were repotted for subjection the conditions test, care 
was taken plant each tree such depth that least two inches the 
scion portion the crown lay beneath the surface the soil. narrow verti- 
cal slit was cut the bark the crown each tree, expose cambial tissue 
from ground level the depth the junction. 

Each series was continued for period days. The crowns the trees 
were uncovered and examined three days after insertion the wounds, and 
two-day intervals thereafter. 

the first series soil moisture level approaching saturation was attained, 
moisture determination made the end the experiment the method 
Riker and Riker (19) revealed the percentage saturation approxi- 
mately 96. 

the second series moisture level was sought that would slightly below 
the optimum level for the welfare the host plant. Approximately 700 cc. 
water was mixed with dry soil. The moisture level, determined 
the end the experiment, proved approximately 61% saturation. 


the third series moisture level close the optimum for the welfare 
the host plant was sought. Approximately water was mixed with 
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lb. dry soil. The moisture level attained was approximately 71% 
saturation. 


Results 

disease rating was evolved, based the degree below-ground girdling 
suffered the individual trees. the compilation the tables, each unit 
represents the one-quarter girdling single tree. The maximum figure 
attainable any single 16, representing the complete girdling the 
four included trees the one variety. The results the entire 24-day 
experiment are detailed Tables and III. order give some idea 
the speed the disease attack, the results the end days have been 
included. 

Examination Tables and III reveals the following important data. 


Within the temperature range 23°C., manipulation the soil 
moisture appeared exert little influence the amount crown rot pro- 
duced. 

all three moisture levels there was increase amount and rapidity 
crown rot attack with rise temperature from 23° 

the soil approaching saturation, further increase temperature from 
32° resulted still greater rapidity and extent crown rot attack. 
The combination this high soil moisture level with soil temperature 
32° allowed the girdling all trees the test more rapidly than any other 
combination conditions imposed. 

the two lower soil moisture levels, further increases soil tem- 
perature above 23°C. did not result increased incidence the disease. 
Indeed soil 61% saturation, such increase soil temperature resulted 
reduction the disease, the limit complete disease escape 


cactorum was recovered from the margin the lesions one more 
infected trees from each the soil temperature experiences 
which the disease had been produced. 


Experiment 

attempt was made separate the effects soil moisture level host 
predisposition crown rot and relationships the locus 
infection. 

The Wisconsin tanks were again used provide controlled soil moisture 
and temperature levels. The trees used were two years age, Canada Bald- 
win and French Crab rootstocks. The conditions experiment varied from 
those the last experiment chiefly the fact that this experiment the 
moisture supply the roots the trees and the moisture level the surface 
soil about the crowns the trees were manipulated independently. Four 
soil moisture experiences were included with trees exposed each: 


(1) The soil throughout the can high moisture level (approximately 
85% saturation). 
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(2) The lower soil about the roots high moisture level (85%), the soil 
the surface one-quarter the can low moisture level (35%). 


TABLE 


THE INFLUENCE SOIL MOISTURE AND SOIL TEMPERATURE THE PRODUCTION CROWN 
cactorum CANADA BALDWIN TREES UNDER CONTROLLED CONDITIONS 


Temperature, 


High 
Series (96%) 


Intermediate 
Series (71%) 


Results 


days after wounding 


Low 
Series (61%) 


the crowns 


Results days after wounding the crowns 


Arbitrary disease rating: each unit 
included each test. 


one-quarter girdling single tree. 


TABLE III 


THE INFLUENCE OF SOIL MOISTURE AND SOIL TEMPERATURE ON THE PRODUCTION OF CROWN 
ROT BY P. cactorum IN GRIMES GOLDEN TREES UNDER CONTROLLED CONDITIONS 


Four trees 


Temperature, 


High 
Series (96%) 


Soil moisture 


Intermediate 


Series (71%) 


Low 
Series (61%) 


Results days after wounding the crowns 


4,3,0,0.. 


Arbitrary disease rating: each unit 
included each test. 


one-quarter girdling single tree. 


Four trees 


0,0,0,0..........0 
Results days after wounding the crowns 
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(3) The soil throughout the can low moisture level (45%). 


(4) The lower soil low moisture level (45%), the surface soil high 
moisture level (85%). 

Where was necessary maintain the two differing moisture levels 
single can, layer coarse gravel served effective insulation between. 

The pretreatment the trees again involved their exposure cold spell 
out-of-doors, their removal indoors, and their growth for one month 
warm humid greenhouse. The trees destined for exposure high soil 
moisture supply (Groups and above) were grown during this preparatory 
period approximately the same high moisture level (85 90%). The 
trees destined for exposure low moisture supply (Groups and were 
grown during the preparatory period soil whose moisture level was about 
50% saturation. 

both pretreatment soil moisture levels all the trees were displaying 
green buds two weeks after introduction the greenhouse, and were full 
leaf the time transference the Wisconsin tank equipment. the 
time transference, however, there was striking difference the degree 
vigour the trees that had been subjected the two pretreatment moisture 
levels. the lower moisture level (50%) both the root systems and the 
foliage all trees were healthy. These trees wilted for short time after 
transplanting but recovered and remained quite vigorous during the period 
the experiment. the higher soil moisture level the other hand, 
most the newly developed succulent roots the trees were killed during 
the preparatory period. The leaves many these trees were stunted and 
scorched. all the trees used, however, the bark the crown and trunk 
remained green and succulent. 

all other respects the methods used and the conditions the experiment 
were exactly those outlined Experiment The inoculum again consisted 
corn-meal, sand, canned pea mixture which cactorum had been 
grown for period three weeks. This was mixed with the soil the 
surface one-quarter each can the rate weight. soil temper- 
ature 27° was maintained all cans throughout the experiment. 


Results 

Observations were made the crowns all trees intervals several 
days for period four weeks. The incidence disease the end this 
time was follows. 

Group (high/high)—8 trees girdled, tree }-girdled. 
Group (low/high)—10 trees girdled. 

Group (high/low)—1 tree girdled, trees 
Group (low/low)—No disease. 

The bulk the crown rot occurred within days the wounding the 
crowns. Observation the end this period revealed complete partial 
girdling nine trees the first group, eight trees the second, and none 
the other two groups. 
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Isolation was attempted, and cactorum was isolated from two the 
diseased trees each Groups and 


Experiment III 


this experiment vigorous trees, previously grown the low soil moisture 
level (45% saturation), were exposed the condition high soil moisture 
supply and low surface soil moisture. was hoped that thereby might 
determined whether the predisposition trees Experiment was the 
direct result the high moisture supply, function rather the low vigour 
the trees grown under such conditions. 

Twelve trees were inoculated the test. All were full leaf and vigorous 
the time transference the Wisconsin tank equipment. trees 
were subjected high soil moisture supply (90% saturation). four 
remaining trees served checks, growing soil whose moisture level approxi- 
mated saturation. The surface soil surrounding the crowns the 
trees was maintained the low level saturation. soil tem- 
perature 27° was maintained. trees were exposed fungal inoculum 
the surface soil and wounded the usual method. The experiment was 
continued for days. 


Results 

the end days one the eight trees exposed high subsoil moisture 
was girdled, and second partially girdled. Leaf scorch symptoms had 
The trees exposed low subsoil moisture 
However, the 


appeared these eight trees. 
showed leaf scorch and were unattacked crown rot. 
end days, crown rot had appeared only one more tree exposed high 
subsoil moisture, while three the four trees exposed low subsoil moisture 


had been attacked. 


FROM FIELD OBSERVATIONS AND FROM FIELD INOCULATION STUDIES 


The writer’s observations the natural occurrence crown rot have been 
closely agreement with those made previous workers. The most serious 
outbreaks rule have appeared orchards receiving seepage water from 
higher land. Usually this high moisture level manifest both the surface 
soil about the crowns the trees and the subsoil from which the tree 
receiving the bulk its moisture supply. 

Apparent exception this general correlation has been encountered 
certain orchards. one these orchards observations were made inter- 
vals for year. The observations revealed that although the orchard lay 
side-hill, and although the surface soil was very dry during large part 
the growing season, seepage conditions maintained high subsoil moisture 
level. The crown rot occurrence appeared coincide with the seepage area. 


one the varietal resistance experiments carried out 1941 there arose 
opportunity study the relation low surface soil moisture crown rot 
spread. Crown rot had been initiated number trees inoculation 
with cactorum time when the soil was very moist. the third week 
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July period hot dry weather had reduced greatly the surface soil 
moisture level while the subsoil moisture level remained high. The spread 
crown rot continued. Samples soil were removed from the immediate 
vicinity the lesion margins and their moisture levels were tested the 
method Riker and Riker four day period while the moisture 
content the soil about single root lesion dropped from 32.0 11.3% 
saturation, the lesion margin was extended three-quarters inch 
throughout its length. The spread this lesion continued for several weeks 
after the second observation. The same two observations were made 
second tree drier portion the same orchard. Here the lesion margin 
was extended one-half inch while the soil moisture level dropped from 
23.8 10.8% the moisture-holding capacity. spread this lesion 
ceased several days after the second observation. 

Data from both field observations and field inoculation experiments have 
indicated that crown rot most during periods hot weather. The 
successful isolation cactorum from naturally-occurring crown rot has 
been confined the months July and August, with the single exception 
isolation made May 31, 1940, the Osoyoos district the southern 
limit the Okanagan Valley Canada. 

the course varietal resistance experiment inoculations were made 
random-selected trees December and 1940. crown rot 
had resulted from this set inoculations July 1941. Repeated inocula- 
tions these trees July and August resulted the appearance crown 
rot the trees. inoculation other trees this same block 
April and yielded cases crown rot. Two later inoculations 
the remaining trees early July and early August produced crown rot 
additional 16. Thus the December inoculation failed produce crown 
rot number trees which were proved susceptible the later 
inoculations. 

The latter part August and the month September, 1941, were cool 
and wet. During this period very little spread crown rot occurred 
inoculated trees, and the inoculations carried out yielded very low per- 
centage crown rot lesions. 


VARIETAL RESISTANCE 


During the course experiments designed establish the pathogenicity 
cactorum, trees several varieties were inoculated with this organism. 
The results these inoculations gave sufficiently strong indication the 
existence varietal variations resistance crown rot justify further 
investigations. Experiments carried out during the summers 1940 and 
1941 have given clear evidence that several varieties, notably the McIntosh, 
are characterized consistent resistance the disease, and several others, 
including the Canada Baldwin, greater degrees susceptibility. The 
seedlings derived from certain varieties have given characteristically resistant 
characteristically susceptible performances. these earlier experiments 
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single isolate cactorum has been used throughout. co-operation 
with the Dominion Experimental Station Summerland the tests are being 
expanded. Mixed inocula several cactorum isolates are being employed 
safeguard against possible existence strain differences within the species 
that might modify the varietal resistance picture. 

The complete results these crown rot resistance studies will published 
later date. 

ADDITIONAL FACTORS AFFECTING CROWN Rot INCIDENCE 
TREE 

the Wisconsin tank experiments described above greater degree 
resistance was displayed dormant trees throughout the ranges soil 
moisture and temperature. Where dormant trees were attacked the appear- 
ance the disease was delayed and the spread the lesions was slow. 


FoR DISEASE OCCURRENCE 


Field observations have indicated general restriction crown rot spread 
the portion the crown that lies immediately beneath the surface the 
soil. The lower limit the rot usually within six inches the soil surface, 
and very seldom found depth greater than nine inches. 

inoculation experiments this same restriction the rot has been encoun- 
tered. The experiment already outlined, varietal resistance Experiment 
provided interesting example. the inoculated trees were all the 
variety, growing various seedling and Malling rootstocks. 
While most cases the junction was situated within several 
inches the soil surface, certain trees was buried deeply eight 
inches. Since the McIntosh material appeared uniformly resistant, 
was necessary that crown rot these trees should appear below the deep 
junctions. 

the three trees whose junctions were about eight inches deep, 
crown rot appeared only one, and this tree the rot ceased its spread after 
involving less than one-quarter the circumference the crown. the 
five trees whose junctions were about six inches deep, crown 
rot was initiated all five, but every case ceased spread before one- 
half the crown had been involved. the less deeply planted stocks 
included the experiment, crown rot was initiated 52, with spread 
the lesions over the entire crown 26, and active spread continuing many 
the remaining trees the time the final observation. 


all but several the 200 trees which crown rot has been produced 
exposure their healthy crowns inoculum cactorum, the lesions have 
centred bark wounds deliberately inserted the beginning the experi- 
ment. the several trees which the rot has centred elsewhere there has 
existed possibility that accidental wounds were present act avenues 
entry. 
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All these deliberately made wounds which acted entry points for the 
fungus involved the removal bark the depth the cambium. During 
the uncovering the crowns the trees for inoculation, numerous accidental 
wounds were made involving only the outer layers bark. These superficial 
wounds were never known act centres for crown rot initiation. 


RESTRICTION CROWN Rot SPREAD 


When crown rot once initiated the extent the lesion varies from tree 
Probably certain cases this function changing soil conditions. 
However has been noticed the various inoculation experiments that the 
structure the crown the tree may determine the extent the lesion 
spread. Frequently when crown rot spreading over the portions the 
crown from which roots arise the lesion encircles the root bases before any 
penetration the root tissues occurs. For days, even weeks, clean 
margin will exist precisely the junction root and crown. similar 
pause occurs the spread the rot from large roots into the secondary roots 
arising from them. Frequently sound rootlet may observed arising from 
point the diseased root which several inches within the margin the 
advancing lesion. 

FACTORS RESPONSIBLE FOR THE APPARENT STERILITY CROWN 

TISSUES 

Two explanations have been considered for the difficulty experienced 
isolating cactorum from crown rot tissues, even when microscopic examina- 
tion has revealed the presence mycelium. The first possibility that 
saprophytes secondary parasites, closely following the primary parasite 
through the tissues, are able inhibit its growth all but the marginal 
region; the second that degradation products the dying host tissues are 
toxic the fungus. Experiments have been carried out test these possi- 
bilities. 

INHIBITION OTHER ORGANISMS NUTRIENT MEDIA 

test was made the ability four other crown rot isolates affect the 
growth cactorum pure culture potato dextrose agar. The organisms 
used were bacteria isolated the summer 1940. each test the four 
bacteria were planted Petri plate equal distances from central planting 
cactorum isolate No. The plates were placed oven 25° 

Identical results were obtained the six plates used. After two days the 
growth the fungus colony was arrested mm. from the margin the 
colony bacterial isolate No. After three days similar halting fungus 
growth was effected mm. from the margin the colony isolate No. 
The degrees inhibition effected the four bacterial isolates after eight 
days are illustrated Fig. may noted that bacterial isolate No. 
the organism, listed the writer’s stock culture catalogue isolate 
which arises most frequently from plantings crown rot tissue. 


PLATE III 


influence colony growth Phytophthora cactorum four bacterial isolates 
from crown rot tissues. Photographed after days’ growth potato dextrose agar 
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liquid nutrient media has been noticed repeatedly that cactorum 
will cease growth whenever bacterial contaminants gain entry. The bacterial 
isolate which commonly arises from plantings crown rot tissue 
possesses this ability suppress growth the fungus. 


Efforts have been made produce rotting apple bark tissue under 
conditions which all organisms except cactorum could excluded. 
This has required sterilization living bark tissue and subsequent inocula- 
tion this tissue with the fungus. Several methods were tested and found 
unsuitable, either because they gave imperfect sterilization because they 
caused injury the bark tissue. Finally experimental procedure was 
devised which provided measure success. One-inch lengths crown 
tissue from vigorous young apple trees were used test material. This 
material was sterilized slight modification the acetic acid method 
for wood block sterilization described Fritz (5), the times washing being 
approximately doubled. This sterilized material was exposed then inocu- 
lum cactorum sterile moisture chambers. the end days the 
bark tissues were brown and rotten. Microscopic examination tissue 
scrapings revealed the presence mycelium throughout. antheridia, 
and oospores were present large cactorum was isolated readily 
from the rotted tissue. Check material, sterilized the same manner but not 
exposed inoculum the fungus, remained sound. Microscopic examination 
revealed little plasmolysis the cells and absence fungal mycelium. 
Tissue plantings nutrient media remained sterile. 


THE DEMONSTRATION cactorum INFESTED SOIL 


Investigation certain phases the epidemiology crown rot, partic- 
ularly the persistence and activity cactorum the soil under varying 
conditions environment and culture, has awaited the development some 
method that would allow ready detection the presence the fungus 
soils. Standard methods have proved useless for the isolation cactorum 
either from naturally-infested from artificially-infested soils. The apple 
fruit method Tucker (27) several occasions has yielded the fungus from 
artificially-infested soil, but never from orchard soils about crown rotted 
trees, since the fruits invariably are rotted very rapidly other soil-inhabiting 
fungi. 

was believed that susceptible, easily grown host plant might provide 
sufficiently specific substrate for the detection cactorum infested 
soils. the plants that have been reported suscepts, the several selected 
most suitable for this type experiment were Salpiglossis, 
Godetia, the garden pepper, Capsicum annuum, and the sugar beet. Seed 
was obtained all these plants and tests were made their susceptibility 
inoculum cactorum sterilized soil. 
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The Salpiglossis, Eschscholizia, and sugar beet suffered damping-off. 
However the Salpiglossis and seedlings germinated slowly, 
emerging days after sowing, and they were too small allow ready isolation 
cactorum. Crushed mounts revealed the presence oogonia and anther- 
idia the fungus within the seedling tissues. The sugar beet seedlings 
emerged after four days, and damping-off appeared two days later. cac- 
torum could obtained from plantings diseased tissue after surface 
sterilization with 1500 mercuric chloride for one minute. 

further test was made the effectiveness sugar beet catch-planting 
for isolation cactorum, this time using infested unsterilized soil. Unfor- 
tunately this revealed that the sugar beet suffered damping-off more readily 
from other pythiaceous fungi than from cactorum, and was therefore 
unsuitable. 

There remains some justification for further testing the suitability 
Salpiglossis seedlings selective substrate. The difficulty isolating the 
fungus from them would not serious drawback long the fruiting 
structures were produced readily the diseased tissues. 


COMPARISON cactorum ISOLATES FROM INDIANA TRUNK CANKER 
AND COLUMBIA CROWN 


Baines (1, has demonstrated that cactorum the causal agent 
trunk canker apple trees Indiana and neighbouring states. Although 
this disease and British Columbia crown rot are essentially similar apple bark 
rots and are caused the same species Phytophthora, the two diseases 
appear differ the varieties and ages trees attacked, and the locus 
attack susceptible trees. 

Dr. Baines was kind enough supply the writer with transfer his 
culture No. isolated from apple tree trunk canker 1935. Limited 
comparisons have been made certain morphological 
characters, well the pathogenic capabilities this trunk canker isolate 
and crown rot isolate No. attempt determine whether the points 
variance the two diseases are due strain differences the causal 


organism. 
CHARACTERISTICS AND MORPHOLOGY 


Comparisons were made the colony characteristics the two isolates 
and their ability produce reproductive structures when grown potato 
dextrose agar, oatmeal agar, and Leonian’s malt extract agar. 
none these media were significant differences displayed. 

Examination and measurements were made the reproductive structures 
produced the two isolates when inoculum was inserted into ripe apple 
fruits and the resulting rotted tissue transferred sterile distilled water. 
The mean dimensions oogonia the trunk canker isolates were 23.7 
22.8 and the crown rot isolate 23.9 both 
isolates were distinctly The antheridia were predominately 
paragynous. 
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Causal observation has indicated that the bulk the sporangial germination 
both isolates culture germ tube. However, germination swarm 
spore emission was induced the flooding 14-day old colonies with sterile 
distilled water and the storing the sporangium suspensions 60° for 
period two hours. sporangia the trunk canker isolate which 
were examined after such treatment, germinated germ tube, swarm 
spore emission, and one the production secondary sporangium. 
sporangia the crown rot isolate, germinated germ tubes, swarm 
spore emission, and six secondary sporangia. 


TEMPERATURE RELATIONS PURE CULTURE 


The temperature-growth relations the trunk canker isolate and the 
crown rot isolate were tested series Leonian’s malt 
yeast extract agar. The experiment was carried out triplicate, for period 
eight days, with daily measurements colony diameter. The temperature— 


growth curves the two isolates are compared Fig. Their growth was 


mm. 
100 


90 


o° 10° 20° 30° 40°C, 


Fic. the relations potato dextrose agar Phyto- 
phthora cactorum isolate No. from crown rot and Baines’ isolate No. from Indiana trunk 
trunk canker isolate, crown rot isolate. 


essentially the same all temperatures below 30°C. this temperature 
the growth the trunk canker isolate was slower and more irregular than 
that the crown rot isolate. 32°C. the former was incapable even 
the weak growth put forth the crown rot isolate this temperature. 


PATHOGENICITY 
Experiment 


The pathogenicity the two isolates was compared two-year old apple 
trees the greenhouse. Five trees each the varieties Canada Baldwin 
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and Grimes Golden were used the test each isolate. The trees were 
assorted group, varying stage development from dormancy active 
terminal growth, all however having been introduced the greenhouse 
least four weeks before the organization the experiment. The trees were 
pruned and potted the same manner those destined for the temperature 
tank experiments described earlier this paper. The soil the upper one- 
quarter each can was infested with the isolate under test, grown corn- 
meal, sand, canned pea mixture. The crowns the trees were wounded 
the removal strips bark tissue. The soil moisture level was maintained 
close saturation. The soil temperature fluctuated between and 27° 
Atmospheric humidity remained about 30% saturation. The results 
were follows. 
Trees inoculated with the trunk canker isolate: 
Canada trees remained disease-free. 
Grimes Golden— tree girdled. 
trees partially girdled. 
trees remained disease-free. 


Trees inoculated with the crown rot isolate: 
Canada Baldwin—2 trees girdled. 
trees remained disease-free. 
Grimes Golden— tree girdled. 
tree partially girdled. 
trees remained disease-free. 
Experiment 

This experiment was carried out under the same conditions Experiment 
was designed further test the pathogenicity the trunk canker 
isolate the Canada Baldwin variety. The Canada Baldwin trees used 
were healthy and full leaf the time the experiment was initiated. The 
trunk canker isolate was introduced into the surface soil 
medium. The crowns the trees were wounded the usual manner. The 
soil moisture was maintained close saturation. 

After days one tree was girdled ground level. second tree was 
one-half girdled, also ground level, after days. The lesion had ceased 
its spread this time. The vigour both these trees had declined notice- 
ably before the disease appeared. one tree all the leaves were scorched and 
killed, and the other many the leaves had suffered the same fate. 
disease was produced the trees whose vigour remained unimpaired. 

Twenty-two days after this inoculation with the trunk canker isolate the 
crowns the eight trees remaining disease-free were wounded again, and 
inoculum the crown rot isolate was added the surface soil about the crowns 
four. Within days two the four trees inoculated with the crown rot 
isolate had been girdled. These two trees were growing vigorously when the 
disease appeared. The four trees that were not exposed inoculum the 
crown rot isolate remained healthy. 
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The results these two experiments combine suggest that the trunk 
canker isolate less readily pathogenic the Canada Baldwin variety than 
the crown rot isolate. Some indication also given that under conditions 
which the crown rot isolate produces below-ground symptoms the trunk 
canker isolate produces symptoms the above-ground tissues Grimes 
Golden. Unfortunately the numbers available trees were small that 
the results remain doubtfully significant. 


Discussion 


THE DEMONSTRATION THAT CROWN ROT PARASITIC DISEASE 


For many years crown rot has been classified physiological disorder. 
British Columbia was believed the direct result the subjection 
trees conditions excess soil moisture. This conception was formed 
only after extensive search for causal organism had proved unsuccessful. 
Crown rot tissues had not yielded any single fungus bacterium with sufficient 
consistency justify its consideration causal agent the disease. 


now appears clear that crown rot parasitic disease whose occurrence 
determined number secondary factors, which the soil moisture 
factor the most obviously effective. The causal fungus cactorum can 
isolated from crown rot tissues, but only with considerable difficulty. The 
most convincing proof the parasitic nature the disease has been provided 
the demonstrated ability cactorum reproduce typical symptoms 
the disease inoculated trees rather than the consistency with which 
the fungus can isolated from rotted tissues. Inoculations with cactorum 
have resulted the production typical crown rot symptoms over 100 
apple trees the field and further trees greenhouse experiments. 


The success these pathogenicity tests has given adequate proof the 
ability cactorum produce crown rot symptoms. The broader con- 
clusion that cactorum responsible for the general occurrence the 
disease British Columbia has been justified certain additional evidence. 
The identity the disease wherever found has been amply demonstrated 
the presence characteristic fungal mycelium throughout freshly rotted 
tissues, whether the lesions from which these tissues are collected have resulted 
from natural infection from inoculation with cactorum, and whether 
not cactorum can isolated from them. 


The isolation results have been consistent that cactorum has been 
yielded only tissues the margin active crown rot lesions. evident 
that the activity cactorum inhibited some manner the tissues 
behind this margin. Usually tissues immediately behind the margin 
lesion yield the bacterial isolate designated 452b. The possibility has sug- 
gested itself therefore that cactorum closely followed its advance through 
the tissues the bacterium, which behaves saprophyte secondary 
parasite, and which has the ability inhibit further growth the primary 
parasite. Thus the activity cactorum would limited those tissues 
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the margins the lesion, whose organization had not been sufficiently 
broken down allow penetration the secondary organism. 


This theory has been supported the striking susceptibility cactorum 
inhibition bacterial contaminants including the bacterial isolate 
The culture experiments have indicated that, although the inhibitory effect 
this organism cactorum potato dextrose agar not striking 
that certain other bacteria, the fungus unable overgrow colonies 
isolate liquid media the introduction isolate immediately 
arrests the growth cactorum. 

must noted that occasionally crown rot tissues containing the charac- 
teristic mycelium will yield neither cactorum nor bacterial growths. 
these tissues must presumed either that both organisms have died 
that the inhibition cactorum due some factor other than bacterial 
inhibition. 

The degradation products dying host tissue must considered 
possible alternative inhibitors cactorum. indications such inhibi- 
tion have been encountered the course the investigation. the other 
hand there some negative evidence. When cactorum was cultured 
sterile bark tissues the laboratory the fungus was available for isolation 
from tissues that had been rotted for two weeks, and that had assumed the 
appearance old inactive lesions. Moreover fruiting bodies the fungus 
were produced abundance these tissues, whereas they have never been 
observed the crown rot tissues collected from naturally-occurring crown rot 
that produced inoculation with cactorum. 


THE EPIDEMIOLOGY CROWN 


The demonstration that cactorum the causal agent crown rot has 
afforded opportunity produce the disease more less will, and thus 
has made possible more thorough study the factors influencing its occur- 
rence. Before attempting interpret the occurrence the disease terms 
these various factors seems advisable consider separately the data that 
have been obtained the operation several these factors. 


THE INFLUENCE SOIL MOISTURE AND SOIL TEMPERATURE 


The demonstration that crown rot parasitic disease has not minimized 
the importance soil moisture factor governing its occurrence. The 
correlation disease occurrence with conditions excess soil moisture 
was established beyond doubt the exhaustive and careful field observations 
Roger (20). 

Controlled experiments the Wisconsin tanks have agreed with the 
field observations demonstrating that high soil moisture favours the disease. 
Under the conditions experiment however this was only true higher tem- 
peratures, above 23°C. the Canada Baldwin variety, above 17°C. 
the Grimes Golden. believed that the results tests using Canada 
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Baldwin are the more reliable throughout because the interference 
the dormancy factor Grimes Golden. The importance the soil moisture 
factor reached its peak 32° where reduction soil moisture from 96% 
saturation 60% reduced the severity crown rot attack from 100% 
zero. moist soil this temperature the crown rot attack was more 
rapid than under any other conditions. Moreover approximates the surface 
soil temperature which the inoculation trees the field has been most 
successful. 

The combined evidence from field observations and the experiments 
Wisconsin tanks indicates that subsoil moisture exerts more important 
influence than the moisture level the surface soil immediately surrounding 
the crown the tree. appears then that soil moisture does not exert its 
principal effect the locus crown rot attack, but operates rather factor 
predisposing the tree attack. The Wisconsin tank experiments offered 
some evidence that the nature this predisposition was reduction the 
vigour the tree. Although the disease appeared trees whose vigour 
had not suffered such impairment, increased susceptibility was evident 
trees whose root systems had suffered killing the near saturated soil. 
evidence was obtained support the alternative possibility, that the high 
moisture level increased susceptibility increasing the succulence suscept- 
ible tissues. 

Although crown rot can occur when the moisture level the surface soil 
relatively low, surface soil moisture cannot ignored entirely con- 
tributing influence. The restriction crown rot below-ground tissues 
best explained the expression moisture requirement. Moreover the 
established practice arresting the spread crown rot lesions unearthing 
the attacked crowns believed depend the exposure the tissues 
low atmospheric humidities. field inoculation experiments there was 
suggestion that crown rot initiation and spread were discouraged when surface 
soil moisture levels fell below 25% saturation. 

two-fold effect soil temperature seems probable: predisposing effect 
the host, and direct effect the activity cactorum. Its role 
predisposition was evidenced the Wisconsin tank experiments when the 
imposition excess soil moisture conditions high temperatures caused 
reduction tree vigour root killing. Throughout the range tem- 
peratures below the incidence disease corresponds closely the 
temperature response the causal fungus pure culture. 

The demonstrated inability cactorum survive desiccation culture. 
suggests that, unless the fungus able under certain conditions produce 
special resistant structures, may able survive only soils and tissues 
whose moisture level remains high. 

VARIETAL RESISTANCE 

British Columbia there has always existed some uncertainty over the 
reality varietal resistance crown rot. Data from observations com- 
mercial plantings have been undependable because the existence every 
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tree two genetically distinct entities, the scion and the rootstock, usually 
with portions both included within the locus crown rot attack. The 
rootstocks used are seedlings, usually unknown origin. This difficulty 
has been overcome varietal resistance experiments the use trees 
which the origin both scion and rootstock known, and the location 
the stock-scion junction apparent. The varieties already tested such 
experiments have given clear evidence differing degrees resistance 
crown rot, indicating that varietal resistance important determinant 
crown rot incidence. 
GENERAL CONSIDERATION 

Many vagaries crown rot occurrence the Okanagan Valley which are 
not explainable the basis soil moisture correlations alone, can now 
accounted for much more readily. 

Evidence that varieties vary their degree resistance and that the resist- 
ance variety plastic, subject particular modification soil 
moisture and temperature, offers plausible explanation for the frequent but 
not invariable correlation crown rot outbreaks with conditions excess 
soil moisture. seems probable that the prerequisites serious outbreak 
are essentially the exposure susceptible varieties trees growing 
susceptible rootstocks conditions excess subsoil moisture, and the 
provision wounds serve avenues entry for the causal organism. 

The restriction crown rot initiation and spread the summer months 
may ascribed both the influence temperature host and pathogen, 
and the increased resistance dormant trees. 

The limitation crown rot tissues within several inches the surface 
the soil important where junctions are deeply placed. 
believed that aeration requirement the fungus restricts its activity 
greater depths. The limitation lesion margins morphological pecu- 
liarities the host important when roots arise from the crown near 
the soil surface. Not infrequently the rot confined single sector the 
crown its inability penetrate from crown tissues into those the root. 
The nature this morphologic barrier the base root unknown. 

Before any the predisposing factors can effective course essential 
that cactorum present the orchard soil. The lack method for 
satisfactory demonstration the presence the fungus soils has prevented 
any direct study the factors influencing its persistence and activity outside 
the tissues the host. limited amount circumstantial evidence exists 
indicate that the fungus not present all Okanagan orchard soils all 
times. This was suggested particular the fact that high percentage 
success was obtained the initiation crown rot applying inoculum 
cactorum wounds the crowns seven-year old trees two orchards 
that had not suffered crown rot attack previously. Since the soil conditions 
were not altered, the success obtained must have been result either the 
wounding the crowns the introduction inoculum into the surrounding 
soil. Regular disking both orchards must have inflicted numerous wounds. 
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Therefore probable that conditions were unsuitable for the persistence 
cactorum the soil. The performance cactorum culture suggests 
that has low resistance desiccation, and raises the possibility that 
will not persist dry soils. The general confinement crown rot British 
Columbia and the Pacific Northwest regions under irrigation has suggested 
the interesting possibility that irrigation water serves distributing agent 
for inoculum the causal fungus. The recent demonstration Blackwell 
al. (4) that species Phytophthora, including cactorum, are able live 
water moulds, suggests further that the fungus might live and multiply 
reservoirs and carried into orchard soils each year the water therefrom. 
The operation such factor would difficult demonstrate. 

The secondary above-ground symptoms crown rot appear direct 
result the separation the root from the foliar portions the tree. more 
rapid induction cactorum secondary symptoms through the liberation 
mycotoxin into the vascular tissues, recently demonstrated the case 
the bleeding canker hardwoods Howard (13), does not appear occur 
apple tree crown rot, since mechanical injuries result identical above- 
ground symptoms after similar lapse time. 


Crown THE LITERATURE 


This investigation has been concerned particularly with crown rot 
occurs British Columbia orchards. The names ‘‘crown and 
however have been employed workers most the apple-growing 
regions North America characterize the forms trunk and crown injury 
encountered those regions. clear that group distinct disorders 
has been assembled under these two names. The locus attack has been 
variously reported above-ground, below-ground, both. The causes 
ascribed have been even more varied. However the similarity the described 
symptoms and conditions occurrence the crown disease certain other 
regions suggests that the British Columbia form the disease may have 
wider occurrence. 

Crown rot has received considerable attention the Wenatchee and 
Yakima valleys the state Washington. These regions form fairly 
continuous fruit belt, which the Canadian portion the Okanagan forms 
the northermost extreme. Since the great bulk this entire belt under 
irrigation, varieties and orchard practices remain reasonably uniform through- 
out. (12), Heald (10), and Magness (17) have studied and described 
collar rot the irrigated districts Washington. Hotson contends that the 
initial injury produced any one several factors, including fire-blight, 
rodent injury, winter injury, arsenical injury, mechanical injury, and defective 
bark unions, but that the healing the wounds prevented the presence 
excess moisture and other factors. Heald, the basis field observations, 
concludes that crown rot primarily form winter injury. Magness 
adheres the winter injury theory, providing data illustrate the suscept- 
ibility crown tissues cold temperature injury. Magness gives descrip- 
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tion symptoms that correspond splendidly with those crown rot British 
Columbia. implied that the collar rot referred the three workers 
the same. The locus attack essentially the portion the crown and 
roots immediately below ground three workers mention apparent 
spread the rot beyond the margins those injuries that they conceive 
primary. Hotson and Magness note the frequent concurrence the 
disease and excess soil moisture conditions, but consider the exceptions 
sufficiently frequent outlaw excess moisture primary factor. 

Crown rot conditions have been reported from others the western states. 
Ball al. (3) report the occurrence crown rot orchards Utah and 
Colorado which they consider identical with the condition observed 
during survey the Wenatchee and Yakima valleys. Ball Utah, and 
Paddock (18) and Headden (8, Colorado recognize several crown rot 
conditions the two states, ascribing them variously arsenical residues, 
alkali, seepage conditions, and excess nitrates, with Ball and Headden 
disagreeing the relative importance these various factors. 


Grossenbacher (6, and Thomas (25) have described crown rot conditions 
occurring New York, with the locus attack sometimes above and some- 
times below ground level. Both workers ascribe the bulk the injury 
frost killing. Although Thomas and MacDaniels later paper (26) point 
out that the condition that they have described entirely the result winter 
killing, with healing the injuries during the ensuing season whenever suffi- 
cient vigour remains the trees, Grossenbacher reports having observed 
instances lesion spread during the summer months. 

The collar rot trunk canker reported from the apple orchards the 
Middle West essentially above-ground disease. Baines (2) has adequately 
reviewed the various reports this trouble, from workers Michigan, 
Ohio, Indiana, and well New York and Pennsylvania. Baines 
presents clear account the occurrence and symptoms the disease 
Indiana. The nature the tissue decay differs little from the British Colum- 
bia disease. There are several points distinct variance between the two 
diseases however. particular the Indiana cankers occur mainly the 
trunk and scaffold branches, only occasionally invading the below-ground 
portions the trees. The disease Indiana confined almost entirely 
the Grimes Golden such Winesap, Northern Spy, and 
Jonathan which frequently suffer from crown rot British Columbia are 
listed resistant. The Indiana disease seldom occurs trees under years 
age, whereas British Columbia crown rot found consistently trees 
all ages from one year soil moisture factor which important 
determining disease occurrence British Columbia has not been men- 
tioned operative the regions trunk canker occurrence. 

The Indiana trunk canker particularly interesting, because Baines (1) 
has demonstrated that cactorum the causal agent this disease. The 
tissues rotted trunk canker appear have yielded cactorum much more 
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readily than have crown rot tissues. The isolates that obtained were 
pathogenic total seven varieties, but lists among the varieties that 
proved resistant his isolates, several that are attacked the crown rot 
isolate. The symptoms resulting from inoculation trees with his isolates, 
like the symptoms the disease from which they were obtained, were confined 
above-ground tissues. Little success was obtained the inoculation 
trees under years age. 

Thus the same species fungus has been demonstrated the causal agent 
two apple bark rot diseases, with the locus attack shifted from above- 
ground tissues the one case below-ground tissues the other, and with 
striking differences the varieties and ages trees attacked. 

The origin these peculiarities the two diseases offers interesting 
problem. The difference locus attack might attributed three 
separate factors. Baines implies that the restriction cankers above- 
ground tissues Indiana can attributed the resistance the French 
Crab seedling rootstocks which the trees are grown. British Columbia 
there the other hand diversity rootstocks and considerable variation 
depth planting. However this does not explain the rare occurrence 
above-ground cankers British Columbia. This must function either 
climatic conditions strain differences cactorum. The patho- 
genicity comparisons the two isolates the greenhouse suggested the latter, 
but view the small numbers trees used the results were not convincing. 

The discrepancies the degree resistance certain apple varieties 
the two diseases are most plausibly explained strain differences within 
the species cactorum. Pathogenic strains this species have been demon- 
strated several workers. Baines has obtained evidence strain dif- 
ferences among the isolates yielded from the trunk canker disease. Com- 
parison the writer isolates from the two diseases revealed significant 
differences colony characters morphology. was however notice- 
able difference the response the two isolates temperature levels above 
27°C. The greenhouse pathogenicity tests suggested that the Canada 
Baldwin variety less susceptible the trunk canker isolate than the crown 


rot isolate. 
THE CONTROL CROWN 


The methods now used combat crown rot British Columbia orchards 
have been designed take advantage two known facts: first that crown 
rot usually most severe when soil moisture high, and second that the 
disease thrives only tissues below the surface the soil. The following are 
the principal recommendations: 

(1) examination the crowns all suspected trees late summer. 

(2) The uncovering early spring the crowns all trees which the 
disease has been noted, and the removal all rotted bark tissue. The 
diseased crowns should allowed remain exposed until late fall, when 
the danger winter injury requires the replacement the removed soil. 
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(3) The removal girdled trees, and aid the recovery partially girdled 
trees the inarching suckers young seedling trees above the scarified 
lesions. 


(4) The reduction irrigation applications the minimum requirements 
the trees themselves, combined with correction seepage conditions where 
they occur, and the drainage low-lying orchard land. 


The application these recommendations usually has resulted the 
recovery attacked trees and the discouragement further occurrences 
the disease. However there have been encountered from time time orchards 
which the occurrence crown rot cannot correlated with moisture 
excess, and other orchards for which reduction moisture supply has proved 
difficult impossible. The practices excavation and surgery prove time- 
consuming and laborious when conditions make necessary that they 
repeated year after year. Thus there remains need for the development 
improved methods combating the disease. 


The present investigations have verified the soundness the moisture 
reduction recommendations, and have placed emphasis the importance 
reducing subsoil moisture, even where the moisture level the surface 
soil low. They have stressed the particular importance soil moisture 
regulation during the hot summer months. The control recommendations 
must now accompanied warning the danger inflicting wounds 
the buried portions the crown. 


addition, two entirely new methods combating crown rot have been 
suggested result the additional knowledge its nature and epidemi- 
ology. The disclosure that the disease caused soil pathogen has led 
logically investigation the efficacy the applications soil fungicides. 
The demonstration varietal resistance the disease has made possible 
extensive search for resistant varieties and rootstocks. 


Elimination the causal organism from the soil surrounding apple tree 
crowns the application fungicides attractive possibility. The 
absence sensitive rootlets the immediate vicinity the locus disease 
attack should allow the application the chemicals much higher concen- 
trations than those that can applied herbaceous crops. 


Copper sulphate has been selected the first test material, since 
cheap, effective fungicide, and can applied relatively large quan- 
tities without poisoning the soil. Copper sprays and damping-off treatments 
have proved effective against Phytophthora species, and Skaptason al. (22) 
have suggested that large residual quantities copper Long Island soils 
have reduced the incidence tuber rot potatoes inhibition the 
sporangial germination Phytophthora infestans. 


The tests that are being made this compound should provide indication 
both its effectiveness protecting the trees from crown rot attack and 
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any harmful effects which may produced its applications about the 
crowns the trees. 


THE EMPLOYMENT RESISTANT VARIETIES AND ROOTSTOCKS 


ideal eventual solution the crown rot problem would attained 
entirely resistant material could employed future apple plantings. 
The practicability such solution has been indicated the results obtained 
thus far varietal resistance tests. extensive search for resistant varieties 
and rootstocks now progress, using material large selection seedling 
rootstocks, Malling rootstocks, and framework stocks which has been assembled 
for tests general orchard performance the horticulturists the Dominion 
Experimental Station Summerland. Since the use standard breeding 
methods would not feasible for heterozygous and slow-growing host 
such the apple, resort necessary this wholesale testing diverse 
material, with selection that which proves most resjstant. especially 
desirable that the crown rot resistance trials made first material already 
recommended the horticulturist. 
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SMOKED MEATS 


BACTERIOLOGICAL, CHEMICAL, AND PHYSICAL MEASUREMENTS 
SMOKED AND UNSMOKED BACON! 


AND 


Abstract 


Wiltshire bacon, cured pickles various compositions, was smoked after 
various maturation periods, and compared with corresponding unsmoked samples 
during subsequent storage —9.4°C. Curing practices designed obtain 
milder cures were only partly successful, but all instances appears that 
smoking improves the keeping quality. 

Smoking reduced the number surface bacteria approximately times 
the number present before smoking, and effectively retarded growth during 
storage. The fat the smoked bacon was much more resistant the develop- 
ment rancidity than that unsmoked bacon. The colour smoked bacon 
was significantly lighter than the unsmoked material, and tended darken more 
rapidly during storage. Flavour was superior the smoked samples. From the 
reduction bacterial numbers, rate bacterial growth, and rate rancidity 
development, would appear the average that smoked bacon would keep 
about twice long unsmoked bacon under comparable conditions. 


Introduction 


Previous investigations Wiltshire bacon conducted these laboratories 
(2, 11, 12, 13) have been concerned primarily with the effect certain 
precuring and curing practices the quality the finished product. With 
the exception the temperature conditions during transport, less attention 
has been given such postcuring treatments smoking. Recent studies 
(12, 13) have shown that ordinary times the British consumer would prefer 
bacon containing less salt than that shipped from Canada prior the war. 
This could only accomplished the development alternative methods 
for preserving the product during transport. During war there urgent 
need produce less perishable bacon order avoid losses through delays 
and less favourable shipping conditions generally. While several supple- 
mentary methods preservation merit examination, many them appear 
either inadequate undesirable. Available evidence indicated that 
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smoking might improve keeping quality without introducing objectionable 
practices materials. Accordingly investigations smoked meats were 
initiated obtain information its perishability and quality compared 
with unsmoked material. 

Observations made these laboratories during earlier investigations con- 
firmed the general opinion commercial operators that smoked bacon is, 
several respects, less perishable than the unsmoked product. Otherwise 
there little definite information, although has been shown that smoking 
reduces the susceptibility the fat oxidation (7), and has been stated 
that surface bacterial growth reduced (1). Since deterioration can occur 
the lean portion due microbial action, while bacon fat extremely prone 
the development rancidity through atmospheric oxidation, obvious 
that effective preservative must inhibit both these changes. The work 
referred above indicates that smoking meets these requirements. 
these experiments subjective estimates flavour and objective measurements 
colour lean, peroxide oxygen content fat, and surface bacterial counts, 
were the criteria used for estimating perishability. 


Analytical Methods 


The sodium chloride, nitrate, and nitrite the bacon and curing pickles 
were determined methods already described (9). Peroxide oxygen was 
determined the methods described White has also been 
made (5, the procedures followed for securing and preparing the curing 
pickles and surface meat samples for bacteriological examination. Colour 
measurements were made with the improved colour comparator previously 


described (14). 

The relative flavour quality the smoked and unsmoked samples was 
determined jury group members the staff the laboratories. 
The samples were tasted two time, according randomized incomplete 
block plan, thus ensuring comparable results all samples. member 
the jury group tested pair samples during the morning and afternoon 
three successive days. The attributes quality judged were: tenderness, 
colour, saltiness, juiciness, and flavour lean, and the flavour and texture 


the fat. 
Materials and Plan 

Previous investigations (3, 15, 16, 17) have shown that considerable variation 
occurs between Wiltshire bacons made different establishments. smoking 
general utility preservative, must confer additional keeping 
quality all classes product obtained commercial manufacture. Since 
the product different manufacturers was not readily available for this 
study, the requisite variability for valid testing was produced employing 
different cures. These included 30, 25, and 20% brines, 25% brine without 
nitrate, and strong pump and weak cover pickle combination. Seven hogs 
were selected for uniformity size and quality, and the sides treated 
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shown Sides 12, and were cured small tanks while the 
remainder were cured two groups regular commercial cure. Prior 
placing the tanks all sides were pumped uniform manner experi- 
enced operator. 


TABLE 


CONCENTRATION OF CURING SALTS IN THE CURING PICKLES, HAMS, AND BACKS STUDIED 


Sodium chloride, % | Sodium nitrate, % Sodium nitrite, p.p.m. 


Hog Pickle Pickle Pickle 
Ham Ham | Back Ham | Back 
| |Pump!Cover|Spent Pump|Cover|Spent 


| 


1 R | 1] 21.3) 20.6) 19 3) 3.75] 2.92) 0.28) 0.48) 0.46) 0.035 0.051) 370 | 160 | 120 14 6 
| L 2 | 25.6) 25.9) 24.0) 3.29) 3.99) 0.29) 0.44) 0.42) 0.020) 0.039, 330 | 160 | 100 12 6 


2 |R 3 | 25.5} 25.9) 24.0) 4.06) 4.36) 0.99) 0.44) 0.42) 0.088! 0.067| 340 | 160 | 100 9 6 
L 4 | 21.3) 20.6) 19.3) 4.13) 3.57) 0.84) 0.48) 0.46) 0.102) 0.064) 350 | 160 | 120 12 6 


2° 5 | 21.3) 20.6) 19.3) 3.05) 3.71) 0.28) 0.48) 0.46) 0.009) 0.055) 220 | 160 | 120 10 9 
|L | 6] 25.5] 25.9 24.0] 3.99 3.90} 0.29) 0.44) 0.42! 0.032 0.045) 250 | 160 | 100 5 5 


4 R 7 | 25.4} 25.9] 24.0) 4.61] 5.48) 1.07 0.44) 0.42) 0.104) 0.100) 240 | 160 | 100 6 6 
21.2} 20.6) 19.3) 3.80} 3.03) 0.92) 0.48) 0.46) 0.069) 0.050) 200 | 160 | 120 7 8 


> 
an 
w 
* 
iS) 
n 
a 
~ 


30 | 25 -62 
L 10 30 30 25 5.62} 7.51] R R R | 0.512) 0.288] R R R 33 23 


L 12 | 21.8} 30.3) 29.6) 3.91) 3.27) 0.22} 0.45) 0.42) 0.030 0.021) 430 | 570 | 520 21 16 
7 R 13 | 25.6} 25.6] 24.8] 4.72] 4.50) 0.00) 0.01; 0.00) 0.003) 0.00 | 910 |1710 |1650 62 85 
L 14 | 30 30 25 3.42) 4.50) R R R 0.247} 0.322| R R R 16 24 


The composition the curing pickles employed regularly the plant which these investi- 
gations were made cannot disclosed. The values given for sodium chloride are only approximate. 


removal from cure the sides were allowed drain and for 
days 3.3 4.4° (38 40° F.). They were then cut and the 
long rib-in English style back and ham used these experiments. 
Each back was divided into three approximately equal portions which were 
randomized among the following three treatments: 
Control, stored unsmoked condition —1.1° (30° F.) 
Smoked immediately commercial smokehouse 60° (140° F.) 
for about hr. and subsequently held —1.1° (30° F.) 
Held for days and then smoked and treated 
When the Group samples had been smoked, all samples were stored 
—9.4°C. Before storage they were wrapped individually 
sterile brown paper prevent surface bacterial contamination, and then 
placed closed containers reduce surface drying. 
The above conditions were selected simulate commercial practice. During 
transport —1.1° (30° F.) about average under normal conditions, while 
(15° F.) probably the lowest temperature generally available for 
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the storage bacon England. Treatments and formed basis for 
comparing the effect smoking Canada prior shipment with smoking 
immediately arrival England. 

The hams from the sides were sampled for chemical analysis and the 
remainder used for some preliminary flavour tests determine the attributes 
flavour quality affected smoking. Hams 11, 12, and 
were smoked, immediately after cutting, under the conditions described above. 
These and the remaining unsmoked hams were stored —17.7°C. (0° F.) 
minimize changes during five-week period until the flavour tests could 
made. 

Sampling Procedure 


Bacteriological Analyses 

Bacteriological analyses were made the pickles used for curing Sides 
10, but not those used for curing Sides pickle samples 
were taken from the pumping needle, cover pickle samples both before and 
after its entry into the tank, and spent pickle samples from both the bottom 
and top the tank before the sides were removed. 

Bacteriological examinations were made Sides before and after 
cure. Three square centimetres the pleural membrane were removed from 
the 3rd, 7th, and 11th ribs for these analyses. Subsequent analyses were 
made the three portions the backs after maturation, before and after 
smoking, before storage —9.4°C. and after 18, 39, and days’ storage. 
For these examinations sq. cm. the rib meat surface were used. 


Chemical Analyses 

Chemical analyses were made the pump, cover, and spent pickles used 
for curing all the sides. pickle samples were taken from the pumping 
needle, cover pickle from storage tank prior transfer curing vat, and 
spent pickle after removal from the sides and thorough mixing. 

After maturation the chloride, nitrate, nitrite, and moisture contents were 
determined approximately one-inch slice removed from the cut surface 
the ham, and representative sample the back made half-inch 
slices taken from the front, centre, and rear. 

The peroxide oxygen content the fat from similar samples was deter- 
mined for all samples prior storage —9.4°C. and after storage for 18, 


39, and days. 


Physical Measurements 

Samples were taken for colour measurements from unsmoked backs after 
maturation, when placed storage —9.4°C. and after storage 
for and days. The smoked samples were observed for colour prior 


and after days’ storage 
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Results 
Observations Prior Storage 

Although the salt content hams and backs from sides cured 25% 
sodium chloride pickle was usually lower than for the 30% pickle, the dif- 
ferences were less than expected, and failed reach the level statistical 
significance (Table I). This presumably due the much smaller meat 
pickle ratio associated with the use the small experimental curing tanks 
ratio approximately gal. pickle). The use the combination 
strong pump and weak cover pickle appeared give satisfactory 
introduction the curing salts. The results comparative flavour tests 
made members the scientific staff and their families the ham con- 
taining added nitrate (side No. 13) and one the regular cure containing 
nitrate (side No. 11) would suggest that the presence nitrate not essential 
for the development the typical flavour ham. 

Little bacterial growth occurred the cover pickles containing and 25% 
sodium chloride during cure, thus agreeing with the results previously obtained 
for pickles saturated with sodium chloride (6) (Table The counts, 
determined 10% sodium chloride agar, were somewhat lower than normally 


found this plant (6). 
TABLE 


EFFECT OF THE CONCENTRATION OF SODIUM CHLORIDE IN THE COVER PICKLE ON BACTERIO- 
LOGICAL GROWTH, AS ESTIMATED ON VARIOUS MEDIA 


Log. no. organisms per ml. cover pickle! 


sampling Nutrient Sodium 10% Sodium 
agar chloride agar chloride agar 
20% Sodium chloride 
Before cure 5.10 5.31 5.48 
end cure 
Top tank 4.98 5.20 5.56 
Bottom tank 5.01 5.26 5.58 
25% Sodium chloride 
Before cure 5.42 
start cure 5.42 5.45 
end cure 
Top tank 5.18 §.31 5.48 
Bottom tank 5.46 


All plates incubated 20° 


Significant increases the surface bacterial count the sides, deter- 
mined salt agar, occurred during cure and maturation material cured 
pickles all three sodium chloride levels (Table III). the dif- 
ferences due method curing were insignificant. For sides cured the 
25% brines the rate growth during cure was essentially the same 
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TABLE III 


EFFECT OF CONCENTRATION OF SODIUM CHLORIDE IN THE COVER PICKLE ON SURFACE 
BACTERIOLOGICAL GROWTH ON BACON DURING CURE AND MATURATION 


Bacterial count log. no. organisms per sq. cm. 
cover pickle, 
Before cure After cure After maturation 
3.06 4.44 5.59 4.36 
2.92 4.36 5.30 4.19 
Mean! 3.07 4.48 5.36 


variance 


Variance attributable to: Degrees freedom Mean square 
Between cures 0.097 
Error 0.051 
Time 14.0** 
Time cure 0.079 
Error 0.082 


Necessary difference, level significance 0.28. 
Indicates level significance. 


whether the counts were determined nutrient agar 10% sodium 
chloride agar (Fig. However, for sides cured the regular manner the 
increase organisms capable growth nutrient agar was less than for the 
other two cures, but corresponded that found previously (6). Statistical 
examination the data, regardless the method cure, showed that before 
cure the counts obtained nutrient agar and salt agar were essentially 
the same and significantly greater than those 10% salt agar. After cure, 
however, the average counts 4and 10% salt agar were the same and signifi- 
cantly greater than those nutrient agar. was also found that, while 


LOG. NO. ORGANISMS PER SQ. CM. 


Days 
Fic. bacterial growth bacon during cure pickles containing 20, 25, and 
30% (R) sodium chloride shown counts nutrient agar and and 10% salt agar. 


NUTRIENT AGAR 4% SALT 10% SALT 
R. R, 
20. 
35, Up 25. 25. 
R. 
6 8 6 8 6 8 
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significant differences existed between sides before cure, such differences were 
negligible after cure. 


Bacterial Changes During Storage 

The effect the various factors studied surface bacterial growth during 
storage are shown the results given Table IV. Smoking reduced the 
number bacteria the surface approximately times the original 
number. samples smoked after maturation mean logarithmic count 
5.4 was reduced 1.5, and samples smoked after storage —1.1°C. 
the reduction was from 5.6 1.9. Smoking was also effective retarding 
surface bacterial growth during storage (Fig. 2). interest note 
that days after maturation there were fewer bacteria the smoked 
sides than there were these prior smoking. Although sides stored 
—1.1°C. for days prior smoking had slightly higher mean count 
than for those smoked after the maturation period, the difference was not 


significant. 
TABLE 


EFFECT OF METHOD OF CURE AND SUBSEQUENT TREATMENT ON SURFACE 
BACTERIAL GROWTH ON BACON 


Mean bacterial count? 
Factor log. no. organisms 
per sq. cm. 
Unsmoked 7.37 
Smoked 2.18 
Stored and subsequently smoked 
days 3.04 
days 4.06 
days 5.00 
Method curing! 
20% sodium chloride 4.67 
25% sodium chloride 4.31 
for side No. 3.02 
for side No. 3.34 
Regular 
Analysis variance 
Variance attributable to: D.f Mean sq. 
Treatment prior storage 
Cure treatment 1.58 
Error 1.89 
Time 40.2** 
Time cure 1.68 
Error 0.925 


Mean bacterial count for all other conditions over the whole experiment. 
Indicates level significance. 
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LOG. NO. ORGANISMS PER SQ. CM. 


Na2S203 


ML. 0.002 


Days 


Fic. Effect smoking surface bacterial growth and development rancidity during 


smoking. 


The mean bacterial counts sides cured 25% brine were signifi- 
cantly greater than for sides cured 30% brine. However, examination 
the detailed results showed that after storage period days 
sides cured the regular manner (30% brine), but unsmoked, had mean 
logarithmic count 8.03 while that for the smoked, mild-cured sides (20 and 
25% brine) was 3.77. The use milder cures thus feasible accompanied 
smoking prior shipment storage. 

analysis variance the above data showed that the observed effects 
treatment prior storage, method curing, and time storage were all 
statistically significant (Table IV). 

Visual examinations the product the time sampling confirmed the 
above quantitative results. Unsmoked bacon became slimy and some 
instances definitely spoiled after days’ storage while 
that smoked was good condition with respect both the fat and lean, 
even after days, with the exception one sample upon which very slight 
mould growth had occurred. 
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Development Rancidity During Storage 

The effect method curing, period storage, and smoking the 
peroxide oxygen content the fat shown the results given Fig. 
and Table The values reported the table are averages over the entire 
experiment. 


TABLE 


EFFECT OF METHOD OF CURE AND SUBSEQUENT TREATMENT ON PEROXIDE 
OXYGEN FORMATION IN THE FAT OF BACK BACON 


Mean peroxide oxygen 
Factor content? ml. 0.002N 


Treatment prior storage 
Unsmoked 8.11 
Smoked 
Stored and subsequently smoked 2.82 


Time storage —9.4°C. 
days 3.04 
days 2.23 
days 6.29 
days 

Method curing! 

20% sodium chloride 3.48 
25% sodium chloride 3.81 
for side No. 3.60 
for side No. 


Regular 


Analysis variance 


Variance attributable to: 


Method curing 

Error 

Error 7.78 

Time treatment 107** 

Time cure 116** 
8.85 


Error 
Analytical error 


Mean peroxide oxygen content for all other conditions over the whole experiment. 


Indicates level significance. 


The marked instability bacon fat demonstrated the peroxide 
oxygen levels attained samples from all treatments within the relatively 
short period days. Examination the detailed results (Fig. showed, 
however, that the fat from the unsmoked samples was definitely rancid after 
39-day storage, while the smoked bacon was sound even after days. 
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Smoking appeared about equally effective retarding rancidity the 
Group and samples. From this appears that holding the. unsmoked 
product for additional days —1.1°.C. had detrimental 
effect. These results show that the development rancidity, determined 
peroxide oxygen measurements, retarded markedly smoking. 


The use curing pickles containing 25% sodium chloride gave more 
stable bacon those containing 30% sodium chloride. Although this 
may due the effect sodium chloride the oxidizing enzyme, lipoxidase, 
present pork tissue (8), may reflection the presence larger 

TABLE 


EFFECT OF METHOD OF CURE AND SUBSEQUENT TREATMENT ON THE COLOUR OF BACK BACON 


Mean 


Factor 
Red Green Blue Total 
Treatment prior storage 
Unsmoked 24.5 14.2 10.9 49.6 
Smoked 39.3 26.5 21.3 87.1 
Stored and subsequently smoked 38.4 20.8 85.0 
Time storage —9.4°C. 
days 36.2 19.0 78.5 
days 31.9 21.0 16.4 69.3 
Method curing! 
20% sodium chloride 34.9 18.3 76.3 
25% sodium chloride 34.3 17.9 74.7 
for side No. 22.0 17.9 74.0 
for side No. 35.0 23.0 18.8 76.8 
Regular 32.8 16.6 69.9 


Variance attributable 


Error 34.7 38.5 18.9 265 


Mean percentage scatter each band all conditions over the 


Red Green Blue Total 
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amounts lipoxidase the rebuilt cover pickle used for the regular cured 
sides compared the diluted and adjusted pickles employed the experi- 
mental cures (8). 

The relative importance the factors studied spoilage bacon fat was 
assessed means analysis variance. Method curing, whether 
smoked not, and time storage all contributed significantly the observed 
variance. The combined effect treatment and cure, storage period and 
treatment prior storage, and time and cure were statistically significant. 
The peroxide oxygen content the fat from sides cured commercially showed 
marked increase with time storage while that from the and 25% chloride 
cures increased relatively slow rate. Smoking was effective retarding 
peroxide oxygen formation regardless the nature cure employed. The 
peroxide oxygen content the smoked material increased slowly during 
storage, while the rate formation unsmoked material was considerably 
greater. 


Colour Changes During Storage 

The mean values for the colour measurements made with the photoelectric 
colour comparator, together with statistical analysis these results, are 
given Table VI. Smoking caused increase brightness shown 
increased light scatter each colour component. The various cures 
employed were without effect the amount light scattered any colour 
component. 

analysis variance showed that treatment unsmoked), 
storage period, and the combined effect time and treatment were significant 
for the red, green, blue, and total scatter. The colour unsmoked bacon 
appears quite stable since showed significant change during storage 
(Table VII). Although smoking caused lightening the colour originally, 
the colour the smoked product darkened significantly during storage. 
There was some indication that the colour samples smoked immediately 
after maturation was slightly more stable than that material held 
additional days prior smoking, but the differences were not 


significant. 


Flavour 

The results the flavour tests showed that smoked bacon was superior 
the unsmoked all the attributes quality studied with the exception the 
tenderness and juiciness the lean (Table VIII). The unfavourable criticism 
the smoked product with respect these two criteria may have been due 
drying the meat undesirable extent result the smoking 
procedure followed. also importance note that, although the bacon 
was stored for five weeks testing, the manifestations the.smoking 
process were still evident the time testing. since only seven 
hogs were used these tests, the results are primarily 


attributes flavour quality. 
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TABLE VII 


EFFECT OF STORAGE PERIOD ON COLOUR CHANGES OF SMOKED AND UNSMOKED BACON 


Treatment 
Unsmoked Smoked Mean 
smoked 
Light scattered, 

Red 
24.7 41.5 42.5 36.2 
24.3 37.0 34.4 31.9 
Mean 24.5 39.3 38.4 34.1 

Green 
14.3 27.2 28.4 23.3 
Mean 14.2 26.5 25.7 

Blue 
22.3 23.5 19.0 
Mean 10.9 20.8 

Total 
50.2 91.0 94.4 78.5 
Mean 49.6 87.1 85.0 73.9 

TABLE VIII 


EFFECT OF SMOKING ON ATTRIBUTES OF FLAVOUR QUALITY IN BACON AS DETERMINED BY 
JURY GROUP TESTS 


Analysis variance 


Variance attributable to: 


Type 
Attribute quality bacon Differences 
preferred between unsmoked Residual 
and smoked 
Lean 
Saltiness 1.33 1.67 
Juiciness 4.69 1.70 
Flavour 4.08 1.69 
Over-all preference 0.60 8.04 
Fat 
Flavour 5.34 1.46 
All criteria for both fat and lean 7.44 10.7 


Indicates level significance. 
Smoked. 

Unsmoked. 
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DRIED WHOLE EGG POWDER' 


Abstract 


Quality dried whole egg powder may objectively assessed measurement 
the fluorescence potassium chloride extract the egg powder after defat- 
ting with chloroform. Measurements large number samples widely 
varying quality showed that the fluorescence readings were closely correlated 
with quality ratings assigned flavour panels. The method attains satis- 
factory level precision, and can standardized objectively with quinine 
sulphate. 


Introduction 


The importance dried foods considerably enhanced war conditions, 
since drying reduces both the bulk and susceptibility spoilage the original 
food. This particularly true egg powders. Although dried egg products 
were produced commercially prior the war, most the material was used 
for trade purposes. Consequently little attention was given suitable 
objective tests for assessing the quality the superior class product required 
for domestic consumption. appeared desirable under these circumstances 
investigate possible objective measurements quality which offered hope 
being least sensitive subjective flavour test, but without its 
disadvantages. 

The eating quality food product always the final judgment its 
desirability. useful method quality control, therefore, should capable 
arranging dried egg samples varying quality the order organoleptic 
choice, and attain useful degree reliability and speed. 

Considerable deterioration occurs flavour quality before any change 
noted the chemical tests, such peroxide oxygen and free fatty acid deter- 
minations, usually used foods high fat content (unpublished data). Similar 
behaviour was noted wheat germ (3). This suggests that changes the 
fat are not responsible. Both wheat germ and dried egg powder were found 
evolve sulphur compound when treated with 95% alcohol. attempt 
use this indication quality likewise proved unsatisfactory. 

fluorescence measurement has been used indicator the age 
shell eggs (1, 4). However, this measurement was reported 
value determining age unless storage treatment was known (5), suggesting 
that change fluorescence was indicative deterioration regardless the 
cause. The suitability fluorescence for assessing quality dried whole egg 
powders thus appeared merit investigation. 
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PEARCE AND THISTLE: EGG POWDER 


Methods 

Fluorescence 

About gm. egg powder were defatted hand shaking room tem- 
perature with three ml. portions fat solvent give colourless filtrate 
through No. Whatman filter paper. The defatted powders were allowed 
stand about hour and half room temperature permit the remaining 
solvent evaporate. The defatted powders were extracted shaking 2.500 
gm. with ml. potassium chloride solution for five minutes. After 
filtering through No. Whatman paper containing inch asbestos fibre 
the apex, and washing with two ml. portions potassium chloride 
solution, the combined filtrate was made 250 ml. with 10% potassium 
chloride solution. The fluorescence ml. portion the extract was 
determined with the Coleman photofluorometer, using the standard vitamin 
filter which transmits light the region The photofluorometer 
was standardized adjusting the instrument give scale reading 
50.0 for the fluorescence solution containing 0.200 quinine sulphate 
per millilitre. 

Data obtained for the calibration the photofluorometer are given 
Table The fluorescence reading and concentration quinine sulphate 
are related the equation: 


where concentration quinine sulphate per millilitre and 
fluorescence reading. 
TABLE 


CALIBRATION OF THE PHOTOFLUOROMETER AGAINST QUININE SULPHATE SOLUTIONS OF VARIOUS 
CONCENTRATIONS 


Quinine sulphate Fluorescence Quinine Fluorescence 
per reading per ml. reading 
0.40 100.0 0.15 36.2 
0.30 81.0 0.10 24.5 
0.25 64.5 0.0 4.5 


0.20 50.0 


The standard deviation fluorescence readings duplicate samples 
the entire range quality was 2.07 units. However, should noted that 
agreement between duplicates was much better good quality material than 
very poor material that, the whole, the method can regarded 
possessing satisfactory degree precision. 

number fat solvents were studied order select the most suitable 
for defatting dried whole egg powders. For this purpose fluorescence measure- 
ments were made series samples widely varying history chosen 
represent far possible the entire range quality. These samples were 
extracted with each the following solvents: chloroform, petrol ether (boiling 
range, 40° 50° C.), mixture petrol ether and absolute alcohol 1), 
absolute alcohol, 95% alcohol, and acetone. 
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Absolute alcohol and 95% alcohol seemed remove destroy large 
portion the fluorescent material during the fat extraction, and were there- 
fore unsatisfactory. Acetone, though paralleling the behaviour chloroform, 
was much less convenient use. 

Data for the three remaining solvents are given Table II, showing corre- 
lation with the results flavour tests obtained the procedure 


TABLE 


EFFECT OF SOLVENT ON FLUORESCENCE READINGS AND THE RELATION OF FLUORESCENCE TO 
ORGANOLEPTIC RATINGS ON EGG POWDERS OF VARYING QUALITY 


Organoleptic Fluorescence Correlation 

Solvent ratings reading coefficient 
Petrol ether 8.57 31.0 
7.65 38.0 
7.46 36.0 
6.50 37.0 
6.43 43.5 

5.66 34.5 
5.36 
5.14 89.5 
4.90 142.0 
4.61 98.5 
0.26 186.0 
Petrol 8.57 10.5 
absolute alcohol 8.00 13.0 
7.65 10.0 
7.46 11.0 
7.00 17.0 
6.43 
6.00 18.0 

5.66 —0.845** 
16.0 
4.90 15.0 
4.50 20.0 
4.11 18.0 
3.70 18.0 
22.0 
3.13 19.0 
0.26 45.0 
Chloroform 8.50 27.0 
8.17 27.3 
6.42 45.0 
6.17 53.6 
5.67 76.1 
5.66 45.0 
5.42 66.4 

3.70 83.0 —0.826** 
3.13 81.0 
2.56 82.0 
129.5 
1.53 113.2 
0.66 142.5 
0.26 276.0 


Surpasses level significance. 
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described. may seen that regardless the solvent used, fluorescence 
and organoleptic ratings were closely related. Alcohol, even when con- 
siderably diluted with petrol ether, reduced the readings 
form was finally selected the most suitable solvent, since gave the greatest 
range fluorescence readings between poor and good quality powders. 


Palatability 

Palatability was assessed panel people, who tasted each sample. 
The samples were prepared reconstituting gm. powder 100 ml. 
distilled water, and heating 90° with constant stirring until the mix 
reached the consistency scrambled egg. 

Flavour was scored the basis scale used the Low Temperature 
Research Station, Cambridge, Englandt. score allotted for excel- 
lent, fresh egg and zero for repulsive specimen. the usual level 
the best dried egg while six and four are the lowest levels acceptable for use 
egg dish and baking respectively. 

Some work was undertaken assess the reliability panel scores and 
obtain indication the number persons necessary secure reliable 
judgment. statistical examination panel scores (Table III) shows that 


TABLE III 


ANALYSIS OF VARIANCE OF THE ORGANOLEPTIC RATINGS GIVEN EGG POWDERS BY OTTAWA PANELS 


Description Source variance square 
Two separate panels Between panels 0.04 
the same mate- Between duplicate samples un- 
rial, Saturday known taster concerned 0.88 
Between samples 44.6** 
Between tasters tasting dupli- 
cate groups four samples 
Error 0.97 
Two separate panels Between panels 
the same mate- Between duplicate samples un- 
rial, Monday known taster concerned 
Between samples 32.1** 
Between tasters tasting dupli- 
cate groups four samples 6.39** 
Error 1.61 
the five samples Between days 1.60 
duplicated Saturday 
and Monday Between samples 
Samples days 4.06 
Error 130 3.18 


Surpasses level significance. 
Private communication. 
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duplicate samples are not confused the same taster, but duplicate groups 
samples are scored differently different tasters. This indicates that 
comparisons play large part taster’s judgment. may also seen 
that, while one day two separate panels seven persons agreed the 
same material, two days later the panels differed the same material. 
However, although the panel differences were wider the second trial, the 
same average ratings were given the five samples tested both days. 
These results indicate that seven persons will give fairly good judgment 
this particular scheme, but least persons are necessary obtain sound 
rating. 
Interrelation Flavour Score and Fluorescence 

The suitability the fluorescence method was assessed the relationship 
the results those obtained flavour tests. 

The material consisted two sets samples; series with varying history 
chosen represent far possible the entire range palatability and 
quality, and series consisting samples powder collected 
secondary dust collectors various commercial plants. The latter material 
was freshly dried but had usually suffered some deterioration. 


TABLE 


FLUORESCENCE READINGS ON EGG POWDERS FROM VARIOUS COMMERCIAL SECONDARY DUST 
COLLECTORS 


| 
Organoleptic Fluorescence Organoleptic Fluorescence 
rating reading rating reading 
8.38 15.0 5.87 
16.4 5.63 42.5 
7.67 28.6 
7.00 26.0 
6.93 22.8 5.20 
6.86 36.8 4.82 58.8 
6.79 19.0 4.80 55.8 
6.47 18.0 4.07 48.0 


| 


Data from Table II, Part and Table are combined give Fig. 
which the logarithms photofluorometer readings are plotted against taster 
scores. The correlation coefficient was —0.902; i.e., the fluorescence reading 
increases with decreasing flavour quality, and excellent agreement indicated 
between the two. From the equation for this data, 2.32 0.12x, 
(where the logarithm the photofluorometer reading and organoleptic 
rating), evident 38.9 and 67.6 photofluorometer units correspond 
organoleptic ratings and Reference Table and the 
equation relating concentration quinine sulphate with fluorescence shows 
that these photofluorometer readings correspond solutions 0.150 and 
0.264 quinine sulphate per millilitre. 
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TASTER SCORES 


PHOTOFLUOROMETER READINGS 


Relation between taster scores and the logarithms the photofluorometer readings. 


analysis covariance the two distinct sets samples tested indicates 
difference between the correlation curves obtained, equivalent about one 
unit palatability score. While the difference statistically significant, 
definite reason can yet given for this behaviour. Variations the judg- 
ments the tasters with time, variable behaviour the material respons- 
ible for fluorescence may have been responsible. Both these possibilities 
are being investigated. 

Discussion 

The high correlation between fluorescence measurements and palatability 
indicates that this test should useful common adaptable 
commercial use, can standardized with objective standards (quinine 
sulphate solutions), and attains satisfactory level precision. 

the samples tested, high level correlation has been demonstrated 
between fluorescence readings and palatability scores. However, cannot 
yet definitely stated that this test will apply all forms deterioration 
that may occur under adverse commercial practice storage conditions. 


less extensive experiments, this measurement has been found reveal 
deterioration that occurs when dried whole egg powders are held tem- 
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peratures addition sufficiently sensitive detect differential 
deterioration the outside and centre during cooling freshly filled barrel. 


One the most difficult forms deterioration assess objectively that 
occurring powders having off-odors. Certain samples with relatively 
offensive odour may rate reasonably high palatability test the scrambled 
egg powder. Presumably, the malodorous substances are volatilized during 
the cooking process. The results fluorescence tests few special samples 
this class, collected from commercial sources, appear Table With the 
possible exception the rarely occurring fishy odours, appears that the 
fluorescence test capable detecting the various types deterioration 


represented. 
TABLE 


FLUORESCENCE READINGS EGG POWDERS FROM 
COMMERCIAL SOURCES 


Classification Fluorescence 
reading 
Fishy 26.2 
Good 29.9 
Very fishy 
Gritty 
Badly scorched 65.4 
Mottled 65.9 
Collector 75.6 
Slightly scorched 86.0 
Mouldy 157.0 


Nothing yet known about the nature the changes responsible for the 
increase fluorescence, although this also under investigation. 
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